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LETTER  OF  TR.-\XSMinAL. 


U.  S.  Depabtment  of  Agbicui,ture, 

Bureau  of  Animal  Industry, 
Wa^Mngfon,  D.  V.,  Xovt-iiiiM- U.  1003. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
"The  virulence  of  human  and  bovine  tubercle  bacilli  for  guinea  pigs 
and  rabbits."  by  Dr.  Marion  Doi-set,  assistant  chief  of  the  Biochemic 
Division  of  this  Bureau.     This  manuscript  forma  the  first  part  of  a 
bulletin  on  the  general  subject  of  "Experiments  concerning  tubercu- 
lo.si8,"  and  I  recommend  therefore  that  thia  paper,  with  the  two  others 
to  follow,  be  published  as  Bulletin  No.  52  of  thi.s  Bureau.     The  illus- 
trations, consisting  of  two  half-tone  and  three  coloi-ed   plates,  are 
necessary  to  a  clear  exposition  of  the  t*xt  of  Part  I. 
Respectfully, 

D.  E.  Salmon.  Chief. 
Hon.  Jaues  "Wilson,  Si-cretary. 
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U.  S.  Department  of  Agriculture, 
Bureau  op  Animal  Industry,  Biochemic  Division, 

Waj<hhiffton,  D.  (?.,  Jfowii>ht-r  13,  1903. 
Sir:  I  herewith  submit  for  publication  Part  1  of  Bulletin  No.  52  on 
"  Experiments  concerning  tuberculosis." 

These  experiments  have  been  made  for  the  purpose  of  studying  the 
virulence  of  tuberculoi^is  bacilli  obtained  from  man  and  other  aninmli^. 
The  work  upon  the  lai^e  animals  ha«  been  done  bj'  the  Biucbemic 
Division  in  conjunction  with  the  Experiment  Station  of  the  Bureau. 
The  studies  with  the  small  experimentiil  animals  and  the  general  mor- 
phology have  been  made  in  the  Biochemic  Division. 

Abstracts  of  the  results  of  some  of  this  work  have  l>een  printed  in 
various  medical  jourmils,  but  to  secure  the  complete  publication,  with 
illustrations,  it  has  seemed  advisable  to  issue  a  bulletin  in  parts. 

Part  I  refers  to  the  comparative  virulence  of  human  and  bovine 
tubercle  I>acilli  for  guinea  pigs  and  rabbits,  by  Dr.  M.  Dorset. 
Respectfully, 

E,  A.   DE    SCHWEINITZ, 

C'/iief  tjf  Jiiocheiiiic  Division. 
Dr.  D.  E.  Salmon, 

C/>uf  of  Bureau. 
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INTEODUCTION. 


By  E,  A.  DK  ScHWKiNrra,  Ph.  D.,  M.  D. 

Chief  of  Binchemic  DimKwn. 

Though  the  difference  in  virulence  of  tuberculosis  bacilli  from  various 
sources  had  been  recognized  for  a  long  time,  it  was  not  until  the  publi- 
cation of  Koch's  paper,  which  waa  read  in  London  at  the  Tuberculosis 
Congress  in  1901,  that  careful,  systematic  investigations  in  regard  to 
the  possibility  of  the  transmissibility  of  bovine  tuberculosis  to  mun 
were  extensively  made.  To  determine  this  point  positively  it  would 
be  necessary  to  experiment  upon  man  with  bovine  tuberculous  material. 
As  auch  experiments  are  not  permissible,  the  other  ways  which  have 
heen  followed  in  this  study  are  the  following: 

(1)  The  comparative  study  of  the  virulence  of  human  and  bovine 
tubercle  bacilli  for  small  cxpcrinicntal  animals. 

(2)  A  study  of  the  compai'ative  virulence  of  human  tubercle  bacilli 
for  pigs  and  cattle.  These  experiments  include  tests  upon  cattle  with 
human  tubercle  bacilli  obtained  from  the  various  organs  and  secretions 
of  both  adults  and  children. 

(3)  A  study  of  the  comparative  virulence  of  turbercle  bacilli  of 
human  and  bovine  origin  for  those  animals  moyt  closely  allied  to  man, 
namely,  monkeys. 

(4)  A  study  of  the  morphological  changes  in  both  human  and  bovine 
tubercle  bacilli  produced  by  continued  growth  on  various  sorts  of  cul- 
ture media,  the  influence  of  «uch  media  on  the  virulence  or  disease- 
producing  power  of  these  various  bacilli,  and  the  influence  on  the 
morphologj' and  virulence  of  tubercle  bacilli  produced  by  their  develop- 
ment in  the  animal  body  or  upon  various  sorts  of  artificial  media. 

(5)  A  study  of  the  cases  of  tuberculosis  on  record  where  the  infec- 
tion can  apparently  be  traced  to  bovine  tuberculous  material. 

(6)  A  chemical  examination  of  the  composition  of  tub  rcle  bacilli 
obtained  from  various  sources,  and  an  examination  of  the  different 
substances  secreted  and  excreted  by  the^^e  br.cilli  grown  upon  artificial 
media. 
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(7)  A  comparison  of  the  tuberculins  niade  from  cultures  of  tuber- 
culosis of  various  animals. 

(8)  Experiments  to  immunize  cattle  against  tuberculosis  by  previ- 
ously inoculating  ^hese  animals  with  attenuated  human  bacilli. 

While  a  summary  of  the  results  of  our  own  experiments  and  those  of 
others  along  .similar  lines  will  be  published  in  Part  III  of  this  bulletin, 
the  following  genera!  conclusions  drawn  from  our  experiments  may 
be  given: 

It  is  possible  to  obtain  from  cases  of  human  tuberculosis  germs 
which  will  produce  tuberculous  in  pig.^*,  cattle,  and  monkeys  upon 
subcutaneous  inoculation.  AVhile  it  is  possible  by  means  of  a  number 
of  different  tests  to  draw  fiiir  conclusions  as  to  the  probable  origin  of 
these  virulent  tubercle  bacilli,  from  a  practical  standpoint  this  is  not 
of  great  importance.  If  we  obtain  from  man  a  tuberculosis  germ 
which  will  kill  cattle  on  subcutaneous  inoculation,  and  believe  this 
germ  to  be  originally  of  bovine  origin,  then  it  follows  that  bovine 
bacilli  may  infect  man.  If  the  tests  show  that  the  bacillus  isof  human 
origin,  then  the  intertransmissibility  of  bovine  and  human  tuberculosis 
is  proved. 

The  genetic  relation  of  tubercle  bacilli  of  various  origins  has  appar- 
ently been  well  established.  While  there  is  a  great  difference  in 
virulence  of  various  bacilli  from  different  or  similar  sources,  it  is 
universally  admitted  that  Iioviiie  bacilli  are  the  most  virulent  for  all 
species  of  animals  upon  which  they  have  been  tried;  and  the  conclu- 
sions, apart  from  positive  cases  and  experiments,  that  the  bovine 
bacilli  are  \'irulent  for  other  animals,  including  man,  is  perfectly 
natural  and  justitiable. 

The  experiments  i-ecorded  in  the  several  parts  of  this  bulletin  will 
substantiate  the  brief  resum^  given. 
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p.rt  1.— THE  TIRULENCE  OF  HIHAN  AND  BOTINE  TUBERCLE  BACILLI 
FOB  CIUINEA  Plfl8  AND  BABBITM. 

By  M.  DiiKsET,  M.  D., 

AttiKlatit  Chief  uf  BiiM-hmk  Diruion. 

The  experiments  which  are  here  recorded  in  Part  I  of  this  bulletin 
deal  solely  with  the  virulence  of  human  and  bovine  tubercle  batilli  for 
guinea  pig.s  and  rabbits,  together  with  some  olwervationa  upon  the 
morphological  and  cultural  characteristics  of  bacilli  from  Ixith  sources, 
the  question  of  the  intertransmjssibility  of  human  and  bovine  tubercu- 
losis being  only  indirectly  considered.  The  terms  "bovine  bacilli" 
and  "human  bacilli"  are  used  in  this  ]«per  to  indicate  the  Mource  from 
which  the  various  organisms  were  originally  obtained. 

REVIEW   OF   THE   UTERATUHE. 

The  question  as  to  the  morphological  and  cultural  identity  of  all 
mammalian  tubercle  Itacilli  was  raised  by  Smith,' "  who  also  directed 
attention  to  the  comparative  differences  in  virulence  of  buuian  and 
bovine  tubercle  bacilli  for  guinea  pigs  and  rabbits. 

In  the  researches  just  referred  to.  Smith  carried  out  a  most  pains- 
taking and  exhaustive  study  of  seven  cultures  from  human  sputum,  six 
cultures  from  tuberculous  cattle,  one  culture  from  a  hog,  one  from  a 
cat,  and  one  from  a  case  of  tuberculosis  in  a  horse.  The  cultures  were 
all  made  on  hardened  dog's  serum,  from  the  organs  of  guinea  pigs 
which  had  been  inoculated  with  the  sputum  or  with  tissue  from  the 
above-mentioned  animals.  After  a  large  number  of  comparative 
examinations,  he  formulates  the  following  conclusions  as  to  the  mor- 
phology and  cultural  characteristics  of  human  and  Irovine  bacilli: 

(1)  Bovine  and  other  animal  bacilli  (except  Naaua,  'whii-h  ia  regarded  as  vomiog 
from  man)  grew  less  vijiiorously  for  a,  number  of  generations  tlian  tbe  sputum  bacilli. 
Sputum  I  ia  an  exception  and  is  prolmbly  an  atypical  fonn. 

(2)  Bovine  bacilli  are  much  lete  influenced  by  certain  modiflcatione  of  the  culture 
medium. 

(3)  Bovine  bacilli  tend  to  remain  short;  human  bacilli  are  either  mure  slender 
from  the  start  or  become  so  during  cultivation. 

In  testing  the  relative  virulence  of  human  and  bovine  tubercle  bacilli 
for  guinea  pigs,  Smith  found  that  after  intraperitoneal  inoculation  the 
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culosis  in  the  course  of  1  or  2  months.  In  thia  cla::>s  were  four  human 
cultures  and  the  two  bovine  cultures.  The  second  cla»^s  of  cultures 
was  of  medium  virulence,  requiring  a  larger  dose  to  produce  a  gen- 
eralized tuberculosis,  while  the  third  class  included  those  which  even 
as  the  result  of  a  large  dase  showed  extensive  changes  in  the  lungs 
only,  the  disease  not  becoming  generalized.  The  subcutaneous  inocu- 
lations of  rabbits  showed  human  culture  W  and  bovine  culture  I  to  be 
the  most  virulent  of  all,  producing  a  generalized  tuberculosis  within  a 
month. 

The  culture  medium  used  seemed  to  have  little  influence  upon  the 
virulence  of  the  various  cultures,  and  twelve  successiie  passages  of  a 
moderately  virulent  culture  through  a  rabbit  did  not  noticeably  affect 
its  virulence. 

Very  little  difference  in  the  character  of  the  growths  on  culture 
media  was  observed  by  the  author.  The  bovine  cultures  I  and  II  and 
the  above-mentioned  virulent  human  culture  \\'  were  remarkable  on 
account  of  the  strikingly  short  form  of  the  individual  bacilli,  none  of 
them  exceeding  1.5  ft  in  length.  Especial  attention  isdrawu  to  thefact 
that  the  cultures  showing  the  shortest  form  in  culture  media  were  also 
the  most  virulent  for  rabbits.  The  author  al.-*o  states  that  those 
organisms  possessing  the  greatest  virulence  for  animals  were  isolated 
from  esi)ecially  malignant  cases  of  tuberculosis  in  man. 

Lartigau*  has  reported  briefly  a  series  of  experiments  which  were 
apparently  similar  to  those  of  Vagedes,  although  the  details  were  not 
given.  He  isolated  nineteen  cultures  of  the  tuberculosis  bacillus  from 
a  variety  of  human  tuberculous  lesions  and  found  a  wide  variation  in 
their  virulence  for  rabbits  and  guinea  pigs.  One  of  his  most  virulent 
cultures  grew  very  scantily  and  slowly,  and  on  account  of  these  prop- 
erties and  ifc<  morphological  characters  the  author  considers  it  as 
closely  resembling  the  bovine  bacillus.  His  other  virulent  cultures 
did  not  conform  to  this  standard,  however,  as  is  shown  bj'  the  fol- 
lowing statement:  "No  relation  could  l>e  observed  between  the  mor- 
phology and  virulence  of  the  tubercle  bacilli  investigated." 

Among  other  conclusions  diuwn  from  the  work  were  the  following: 
"Tul)ercle  bacilli  of  great  virulence  were  on  the  whole  more  difficult 
of  cultivation,  and  the  growths  scantier  and  shorter  lived  than  were 
tubercle  bacilli  of  less  virulence.  Tubercle  bacilli  of  widely  different 
virulence  may  be  present  in  any  one  of  the  various  human  tuberculosis 
lesions." 

Ijartigau  also  says  that  tubercle  bacilli  of  feeble  virulence  are  to 
be  expected  in  those  cases  of  pulmonarj-  tnberculosis  where  the  disease 
is  progressing  very  slowly,  thus  agreeing  with  Vagedes,  as  noted 
above. 

In  some  recently  published  experiments  Veszpremi"  records  the 
following  results: 

By  the  intravenous  injection  of  various  human  tubercle  bacilli  into 
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rabbits  it  was  possible  to  separate  the  cultures  into  several  elassea, 
the  separation  being  ba-sed  upon  their  virulence.  Bacilli  of  very  weak 
virulence  produced  a  considerable  number  of  tubercles;  these  did  not 
bGcome  caseous,  but  usually  showed  retrogressive  changes.  Bacilli  of 
medium  virulence  produced  a  large  number  of  tubercles,  but  no  evi- 
dence of  a  toxic  effect  was  noted.  Bacilli  of  great  virulence  produced 
tubercles  in  which  the  bacilli  multiplied  and  brought  about  marked 
and  widespread  caseation,  and  they  furthermore  exhibited  a  strongly 
toxic  action.  They  also  appeared  to  possess  the  power  of  disseminat- 
ing themselves  rapidly  and  overwhelming  the  animal.  The  author 
found  by  comparing  the  clinical  history  of  the  cases  from  which  bis 
cultures  were  isolated  with  the  results  which  he  obtained  by  the  inocu- 
lation of  rabbits  that  the  most  virulent  cultures  came  from  those  cases 
which  were  either  of  recent  origin  or  which  had  run  a  rapid  course. 
Owing  to  the  comparatively  smalt  number  of  cultures  which  he  iso- 
lated, he  was  not  able  to  form  positive  conclusions,  but  bis  experi- 
ments may  be  considered  as  evidence  indicating  that  it  is  from  the 
most  rapidly  fatal  cases  of  tuberculosis  that  we  may  expect  to  derive 
the  most  virulent  cultures  of  the  tubercle  bacilli.  In  these  conclusions 
he  agrees  with  Vagedes  and  Lartigau. 

Krompecher  &  Zimmermann'  record  the  results  of  their  investi- 
gations concerning  the  virulence  of  thirty  cultures  of  the  tubercle 
becillu.s  derived  from  as  many  cases  of  surgical  tuberculosis  in  human 
beings.  These  authors  lay  great  stress  upon  the  fact  that  all  of  their 
cultures  were  made  upon  glycerinized  potato  directly  from  the  human 
tissues,  and  they  are  of  the  opinion  that  all  systematic  studies  of  the 
comparative  virulence  of  tubercle  bacilli  found  in  various  caries  of 
human  tuberculosis  are  unreliable  if  the  virus  has  been  passed  through 
an  animal  previous  to  making  the  pure  cultures,  and  such  bacilli,  in 
their  opinion,  should  be  classed  as  animal  and  not  human  bacilli.  With- 
out going  into  an  extended  discussion  of  this  question,  it  is  }>elieved 
that  such  an  assumption  on  the  part  of  Krompecher  &  Zimmermann 
is  unjustifiable  in  the  light  of  my  own  experiments  and  those  of  otlier 
observers.  Smith '  obtained  all  of  his  cultures  by  a  preliminary  passage 
through  a  guinea  pig,  and  he  records  no  increase  in  the  virulence  of 
the  feebler  cultures  and  no  decrease  in  that  of  the  more  potent  ones. 
Vagedes'  records  the  successive  pa.ssage  of  a  culture  of  medium  viru- 
lence through  twelve  rabbits  without  any  noticeable  change  in  its 
virulence.  I  have  also  had  occasion  to  pass  a  human  culture  of  mod- 
erate virulence  and  a  bovine  culture  each  successively  through  six 
rabbits  without  any  apparent  moditication  of  their  virulence. 

Krompecher  &  Zimmermann  also  express  the  opinion  that  all  tuber- 
cle bacilli  from  cases  of  surgical  tuberculosis  and  a  part  at  least  of 
those  from  pulmonary  tuberculosis  are  of  about  equal  virulence,  and 
they  intimate  that  those  cultures  from  pulmonary  cases  which  possess 
an  exalted  virulence  may  owe  their  greater  power  to  a  mixed  infec- 
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tion.  The  different  course  of  the  various  tuberculous  diseases  is,  in 
their  opiaion,  due  rather  to  a  difference  in  the  disposition  of  the 
various  tissues  and  orfjrans  than  to  differences  in  virulence  between 
the  infecting  bacilli.  In  regard  to  this  latter  statement,  I  am  of  the 
opinion  that  both  the  virulence  of  the  bacilli  and  the  individual  sus- 
ceptibility of  the  infected  persons  must  be  taken  into  account  in  explain- 
ing the  variations  in  the  course  «f  different  cases  of  tuberculosis. 

Strauss'  mentions  the  very  considerable  resistance  shown  by  rabbits 
to  tuberculosis,  and  calls  attention  to  the  fact  that,  although  the  spleen 
and  liver  may  present  tutjerculous  lesions  after  subcutaneous  inocula- 
tion, they  are  not  pronounced,  the  iungs  and  kidneys  being  the  oi^ns 
which  are  most  extensively  diseased.  He  probably  refers  to  human 
tuberculous  virus,  although  the  source  of  bis  culture  and  the  details  of 
work  are  not  given. 

Prudden  &  Hodenp^-l '"  were  the  first  to  describe  the  eflfect  produced 
upon  rabbits  bj'  the  intravenous  injection  of  dead  tubercle  bacilli. 
They  do  not  state  the  source  of  their  cultures,  though  it  was  presum- 
ably human.  The  chief  lesions  produced  by  their  inoi^^ulations  were 
many  small  nodules  in  the  lungs  and  liver — a  few  in  the  spleen.  These 
lesions  showed  no  tendency  whatever  to  a  cheesy  degeneration,  and 
the  longer  the  animal  was  allowed  to  live  the  fewer  were  the  tubercle 
bacilli  that  could  be  found  in  the  lesions.  Ijater  investigators  have 
shown  "  that  a  certain  amount  of  caseation  may  result  from  the  injec- 
tion of  dead  tubercle  bacilli,  although  such  a  process  must  necessarily 
bo  limited,  as  the  l>acilli  can  not  multiply. 

A  brief  summary  of  the  literature  just  quoted  shows  that  Smith 
found  all  of  his  bovine  cultures  more  virulent  for  guinea  pigs  and  rab- 
bits than  his  human  cultures;  Kavenel  finds  the  same,  with  two  excep- 
tions: One  bovine  culture  after  short  cultivation  approached  the  human 
tj'po  and  one  human  culture,  virulent  for  calves  upon  intravenous 
inoculation,  corresponded  more  nearly  to  the  bovine  than  the  human 
type  in  its  morphological  and  cultural  fofltures.  Its  virulence  for  rab- 
bits and  guinea  pigs  was  not  reported.  The  work  of  Vagedes  and 
Lartigau  shows  that  there  may  be  a  wide  variation  in  the  virulence  and 
morphology  of  tubercle  bacilli  of  human  origin,  and  the  former 
describes  a  human  bacillus  which  was  equal  in  pathogenic  power  to 
bovine  cultures  which  he  also  had  under  cultivation. 

It  can  be  seen  that,  although  Smith  in  his  first  report  noted  differ- 
ences which  were  mast  marked  between  human  and  bovine  bacilli  in 
their  effect  upon  guinea  pigs  and  especially  rabbits,  no  attempt  has 
been  made  to  confirm  his  results  except  by  Ravenel. 

It  was,  therefore,  with  tlie  idea  that  the  inoculation  of  rabbits  might 
perhaps  prove  to  be  an  easy  and  simple  method  of  distinguishing 
between  human  and  bovine  tubercle  bacilli  that  the  experiments  now 
to  1)6    described  were  undertaken.     It  is  a  well-known    fact  that 
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tubercle  bacilli  are  very  tenacious  of  their  virulence,  and  if  it  can  be 
shown  that  all  tuberculous  virus  of  bovine  origin  possesses  an  exalted 
virulence  for  rabbits,  as  is  Indicated  by  Smith's  work,  and  that  all 
tubercle  bacilli  from  case^  of  human  tuberculosis  are  lacking  in  this 
property,  the  rabbit  test  would  be  a  most  efficient  aid  in  determining 
the  source  of  the  contagion  in  those  cases  of  human  disease  where 
there  is  reason  to  suspect  infection  from  l>ovine  sources. 

I  have  followed  as  closely  as  possible  the  methods  detailed  by 
Smith'  in  the  Journal  of  Experimental  Medicine,  except  in  the  matter 
of  a  culture  medium,  as  will  be  explained  later. 

THE   EXPERIMENTS   IN    DETAIL. 


For  the  isolation  and  propagation  of  all  cultures,  a  medium  consist- 
ing of  the  mixed  white  and  yolk  of  hen's  e^s  was  used.  This  medium 
has  been  previously  described,'*  but  owing  to  the  fact  that  some 
slight  changes  have  been  made  in  the  method  of  preparation,  it  seems 
best  to  review  the  process  as  it  is  now  carried  out. 

The  egg  shell  is  broken  carefully  and  the  entire  contents  dropped 
into  a  wide-mouthed  steiile  flask.  The  yolk  may  be  bi-okcn  with  a 
sterile  platinum  wire.  The  flask  should  be  shaken  until  the  white  and 
yolk  are  thoroughly  mixed,  and  25  c.  c.  of  distilled  water  added  to 
every  four  eggs.  The  mixture  is  then  strained  through  a  .sterile 
cloth.  This  procedure  serves  to  remove  the  foam  produced  by  shak- 
ing, and  in  addition  furnishes  a  homogeneous  medium  which  will  not 
otherwise  be  obtained.  The  egg  is  now  poured  into  sterile  tubes, 
care  being  taken  to  avoid  foaming,  and  the  tubes,  each  containing 
about  10  c,  c.  of  the  medium,  are  inclined  in  a  blood  serum  oven  and 
hardened  at  a  temperature  of  TS-"  to  76°  C  This  hardening  usually 
covers  3  days — i  or  5  hours  each  day.  During  the  first  2  days  the 
temperatui-e  is  maintained  at  73-  C,  and  on  the  last  day  it  is  carried 
to  76"^  C.  This  prolonged  intermittent  heating,  in  addition  to  produc- 
ing a  firm  medium,  almost  always  accomplishes  a  peHect  sterilization. 
A  small  dish  of  water  is  kept  in  the  oven  during  the  entii-e  time  of 
heating  in  order  to  prevent  drying.  After  sterilization  and  hardening 
have  been  completed  we  have  a  firm,  opaque,  yellowish  medium, 
which  usually  contains  very  little  water  of  condensation.  Since  moist- 
ure, as  shown  by  Smith,  is  veiy  necessary  to  a  satisfactory  develop- 
ment of  the  tubercle  bacillus,  it  is  often  advisable  to  add  a  few  drops 
of  sterile  distilled  water  to  the  egg  tubes  just  before  inoculation.  If 
the  water  be  added  before  hardening  the  surface  of  the  medium  is  apt 
to  be  too  soft 

In  making  cultures  from  tissues,  a  small  piece  of  the  material  is  well 
mashed  with  a  pair  of  forceps,  transferred  with  a  platinum  wire  to  the 


Description  op 

Fig.  1. — Twenty-eight  days'  tulture  of  hun 
dog's  serum,  fifth  ftenerBtion.  Prvparation 
decolorized  with  10  per  cent  Bulpliiiric  acid  ; 
diameters.     Photograph  by  James  A.  Emerj-. 

Fig.  2.— Twenty-eight  davB'  culture  of  liovii 
fied  dog's  eenim,  fifth  generation.  Preparatii 
(lecoiorized  with  10  per  cent  sulphuric  iu-ii\  a 
diametera.     Photograph  by  JAines  A.  Emery. 


an  tubercle  liacilhia,  E  T,  on  solidified 
Btaineil  with  i-old  carbol-fuchsin  and 
18  deairibe.1  in  test.    Magnified  1,200 

le  tul>ercle  hacilluP,  C  No.  SI,  on  solidi- 
n  stained  with  cold  carbol-fuchain  and 
as  desoribed  in  text    Magnified  1.200 


Description  of  Plair  II. 

Fio.  ]. — Twenty-eight  days'  culture  of  human  tubercle  bacillus,  C  So.  4,  on  Bolidi- 
fieil  dog's  serum,  fifth  generation.  Preiwration  stained  with  cold  carbol-fuchsin  and 
decolorized  with  10  per  i-ent  sulphuric  aciil  as  described  in  test.  Mt^nifled  1,200 
diameters.     Photograph  by  James  A.  Kmery. 

Fig.  2. — Twenty-eight  days'  culture  of  human  tubercle  bacillus,  fi  K  No.  3,  on 
polidifled  dog's  serum,  fifth  generation.    Preiiaration  Maineil  with  cold  carlx)l-fuchsin 
and  decolorized  with  10  per  cent  sulphuric  acid  b.^  describe<l  in  text.    Magnified 
]  ,200  diameters.     Photograph  by  Jomea  A.  Emerv. 
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(8)  Culture  E  T,  huinan. — Obtained  from  the  spleeo  of  a  guines 
pig  which  waa  inoculated  with  a  timall  fragment  of  a  mesenteric 
gland  from  a  12-year-old  girl  who  had  died  of  an  intestinal  and 
peritoneal  tuberculosis, 

(9)  Culture  C No.  ^,  human. — Obtained  from  the  spleen  of  a  guinea 
pig  which  was  inoculated  with  a  small  fragment  of  a  peritoneal  tuber- 
cle from  a  child  of  5  j'cars  that  had  died  of  a  generalized  tuben^ulosis. 

(10)  Culture  Nti.  60,  human. — Obtained  from  the  spleen  of  a  guinea 
pig  which  had  been  inoculated  with  a  hit  of  spleen  from  a  tubercu- 
lous baboon.  The  baboon  was  inoculated  with  a  human  culture  which 
had  been  under  cultivation  in  this  laboratory  for  a  long  time,  a  histor}' 
of  the  culture  not  being  available. 

(11)  Culture  CJfb.  SI,  b&vine. — Obtained  from  the  spleen  of  a  guinea 
pig  which  had  been  inoculated  with  a  fragment  of  a  mediastinal  gland 
from  a  cow  suffering  from  tuberculosis;  natural  infection. 

(12)  Culture  III,  bovine. — Obtained  from  the  spleen  of  a  guinea  pig 
which  had  been  inoculated  with  a  small  fragment  of  the  lung  of  a 
tuberculous  baboon.  The  baboon  had  been  inoculated  with  a  small 
amount  of  bovine  III  (Smith)  tubercle  culture.  This  culture  had  pre- 
viously been  grown  for  some  time  on  bouillon  in  addition  to  having 
been  cultivated  on  blood  serum  for  a  number  of  generations  before 
reaching  our  hands. 

It  can  bo  seen  from  the  above  record  that  a  considerable  variety  of 
human  cultures  was  used,  all,  with  one  exception,  being  reeentiy 
isolated.  Only  one  freshly  isolated  bovine  culture  was  used.  That 
culture,  however,  was  fully  equal  in  virulence  to  any  of  the  bovine 
cultures  described  by  Smith,  and  was  considered  entirely  satisfactory 
as  a  standard  with  which  to  compare  the  human  cultures. 


Macroscopic  apjjearance  of  cultures.— Ai\  examinations  as  to  the 
morphological  and  cultural  peculiarities  were  made  upon  cultures 
which  were  of  the  same  ^e  and  which  had  been  grown,  under  iden- 
tical conditions,  upon  the  same  lot  of  culture  media. 

Eti(f  cultures.— \n  examining  cultures  upon  the  egg  medium  one  fea- 
ture of  the  growths  was  quite  con.stant  in  the  case  of  all  the  different 
strains  of  tubercle  bacilli.  This  was  the  appearance  of  small,  round, 
distinct  colonies  over  the  inoculated  surface,  the  number  of  such  colo- 
nies depending,  of  course,  upon  the  number  of  bacilli  in  the  tissue 
which  is  introduced.  Transfers  from  one  tube  to  another  never 
exhibited  the  colon}'  formation,  owing  to  the  relatively  large  number 
of  organisms  introduced. 

A  close  examination  of  the  gross  charactei's  of  the  various  cultures, 
both  originals  and  subcultures,  made  it  possible  to  separate  them  into 
two  groups.    These  differences  were  slight,  and  it  must  be  borne  in 
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i!!in(l  that  a  more  prolonged  culti^-ation  may  entirclj'  obliterate  the 
dividing  line. 

Gi-oup  I  (consisting  of  cultures  E  T  and  C  No.  4,  human;  C  81.  and 
111,  bovine)  waa  characterized  by  tlie  very  scanty  growth,  by  the  fact 
that  the  colonies  in  cultures  from  guinea  pigs  were  quite  small  and  flat 
and  tended  to  coalesce,  and  by  the  physical  condition  of  the  growth, 
which  was  moist  and  glistening  in  fresh  cultures.  A  portion  of  the 
growth  could  be  easily  removed  with  a  platinum  loop  and  brought  into 
a  state  of  fine  subdivision  in  bouillon. 

Group  II  (consisting  of  human  cultures  F  T,  F  L,  S  E  No.  3,  G  D, 
12124,  C  No.  1,  D  T,  and  No.  50)  exhibited  usually  in  or^nal  cul- 
tures, round  distinctly  elevated  colonies,  and  in  subcultures  the  growth 
was  more  abundant  than  in  the  cultures  of  Group  I,  It  was  dry, 
rather  difficult  to  remove  with  a  platinum  wire,  and  not  infrequently 
exhibited  a  sheen  on  the  surface.  The  growths  of  this  group  on  egg 
were  brought  into  a  fine  ^tate  of  subdivision  with  considerable  diffi- 
culty, it  being  practically  impo^isible  to  get  rid  of  the  many  small  flakes 
which  clung  together  and  could  not  be  broken  up.  Smith  noted,  in 
regard  to  Henun  cultures  of  his  bovine  and  human  organisms,  that  the 
bovine  cultures  could  be  brought  into  a  finer  state  of  subdivision  tlian 
the  human  cultures. 

StTuni  cultures.- — During  the  length  of  time  they  have  grown  on 
serum  (al>out  5  months),  the  distinction  between  the  two  groups  has 
not  been  so  marked  as  could  be  noted  in  the  case  of  egg  cultures.  In 
fact,  the  differences  between  the  two  sets  of  cultures  were  not  sharply 
defined,  there  being  really  more  differences  between  the  individuals  of 
each  than  were  found  between  the  groups  as  a  whole.  In  the  case  of 
Group  I  in  C  No.  81,  E  T,  and  bovine  III,  the  gross  appearances  agreed 
fairly  well,  although  there  were  differences  noted  in  the  several  trans- 
fers which  were  mainly  attributtible  to  variations  in  the  amount  of 
growth.  Culture  C  No.  4,  grew  very  poorly  on  the  scrum,  almost 
always  presenting  simply  a  thin  film  of  growth,  giving  a  ground-glass 
appearance  to  the  culture.  In  Group  II  several  of  the  members  grew 
in  a  manner  practically  indistinguishable  from  the  bovine  cultures, 
while  culture  D  T  gave  from  the  beginning  a  heavy  abundant  white 
growth. 

To  sum  up  the  gross  differences  observed  in  cultures  upon  hardened 
dog's  serum,  they  seem  to  depend  upon  the  luxuriance  of  the  growth 
rather  than  upon  any  qualitative  variation,  with  the  exception  of  cult- 
ure 0  No.  4,  in  which  instance  it  was  evidently  of  a  different  character. 
It  is  quite  manifest  that  in  the  case  of  two  growths,  both  in  themselves 
white,  the  one  which  is  the  most  abundant  will  be  opaque  and  will 
therefore  present  a  white  color,  whereas  the  other,  growing  less  vig- 
orously and  forming  a  film  which  is  translucent,  will  appear  to  be 
gray.  The  varying  color  of  the  cultures  upon  serum,  therefore, 
seems  to  be  due  wholly  to  the  amount  of  growth  which  takes  place. 
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The  seriim  was  hardened  at  7+^  to  76^  C. ,  and  identical  lote  of  serum 
were  used  for  all  comparative  examinations.  The  cotton  plugs  were 
paraffined,  aa  in  the  case  of  the  egg  cultures. 

Micrmiy'plc  appearance  of  tke  ciiUvrex. — The  method  of  making  the 
preparations  for  microscopic  examination  was  as  follows:  A  small  por- 
tion of  the  culture  to  be  examined  was  spread  in  a  thin  lilm  on  a  cover- 
slip  and  allowed  to  dry  in  the  air.  The  preparation  was  then  fixed  in 
a  hot-air  oven  at  a  temperature  of  112^  to  117°  C.  for  40  minutes.  It 
was  stained  with  cold  carbol-fucbsin  for  ;W  minutes  and,  after  rinsing 
in  distilled  water,  the  preparation  was  allowed  to  remain  30  seconds 
in  10  per  cent  sulphuric  acid  (liy  volume);  then  it  was  thoroughly 
rinsed  with  water,  dried,  and  mounted  in  Canada  balsam.  This  method 
was  followed  in  all  comparative  examinations,  and,  in  addition,  in 
order  to  insure  identically  the  same  treatment,  all  of  the  preparations 
to  be  examined  were  fixed  together  in  the  same  oven  for  the  same 
length  of  time, 

J\ticrmcojnc  e.amiinatwn  of  egg  cultures. — The  comparative  examina- 
tions of  cultures  on  egg  have  failed  to  bring  out  any  marked  differ- 
ences in  the  morphology  of  the  various  strains  of  tubercle  bacilli, 
although  it  is  quite  possible  that  certain  differences  which  I  have  found 
to  be  very  slight  now  might,  after  a  prolonged  period  of  cultivation 
on  this  medium,  become  more  marked.  Generally  speaking,  all  of  the 
individuals  from  all  of  the  cultures  were  well  stained,  short,  and 
rather  thick.  Very  little  tendency  to  beading  was  noticed  in  any  of 
them,  and  they  were  all  quite  uniform  in  size,  long  and  short  forms 
not  being  seen  together  in  any  of  the  preparations.  The  usual  length 
of  the  individual  oi^nisms  was  1.5  to  2  ;*.  D  T,  human,  and  O  No. 
1,  human,  might  be  put  down  as  exceptions,  for  they  have  usually 
been  from  2  to  2.5;*  in  length,  but  with  no  visible  tendency  to  lengthen 
during  cultivation. 

Mwroncopic  examination-  ofseruiii  cultures, — The  cultures  0  No.  81, 
bovine,  E  T,  human,  and  C  No.  4,  human,  have  been  grown  also  on 
dog's  serum.  It  has  already  been  shown  that  these  three  cultures  were 
practically  identical  in  the  gross  appearance  of  their  growths  on  egg, 
and,  as  will  appear  later,  they  corresponded  so  closely  in  other  prop- 
erties that  it  was  thought  advisable  to  study  carefully  their  characters 
when  gi-own  on  hardened  dog's  .serum.  Their  cultivation  upon  this 
medium  has  now  extended  over  a  period  of  about  5  months.  During 
this  time  cover -glass  preparations  have  been  made  several  times  exactly 
according  to  the  method  described  for  the  egg  cultures.  Cultures  C 
No.  81,  lK>vine,  and  E  T,  human,  are  now,  after  5  months  of  cultiva- 
tion, morphologically  indistinguishable.  Both  organisms  are  short  and 
thick,  1,5  to  2  /*  long,  generally  straight,  and  uniformly  stained.  In 
culture  C  No.  4  the  individuals  are  perceptibly  longer  and  slenderer 
and  are  iisually  stained  evenly,  though  in  some  of  the  cultures  beading 
has  Ijeen  quite  prominent.     The  length  of  these  organisms  is  from  2  to 
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2.5  fi.  The  differences  pointed  out  hare  existed  i^ince  the  first  genera- 
tion on  dog's  serum  and  have  not  increased  during  cultivation  through 
five  successive  generations.  The  accompanying  photographs  (Ph.  I 
and  II,  p.  10)  illustrate  fairly  well  the  morphological  characters  of 
cultures  C  No.  81,  E  T,  C  No.  4,  and  S  E  No.  8  when  grown  on 
hardened  dog's  serum. 

The,  following  sumiDary  of  resulta  will  serve  to  bring  together  the 
salient  features  of  the  growth  of  the  various  cultures  on  egg  and  blood 
serum: 

(1)  The  gross  characters  of  the  various  cultures  on  egg  were  of  .such 
a  nature  that  they  could  be  separated  into  two  groups.  Group  I  com- 
prised the  most  virulent  cultures,  as  is  shown  later  in  this  paper,  and  the 
difi'erenfes  between  the  two  groups  were  sufficiently  marked  to  make 
it  possible  to  predict  that  certain  cultures  (on  account  of  their  resem- 
blance to  the  bovine  cultures  on  egg)  would  prove  viiident  for  calves, 
which  prediction  was  borne  out  by  the  results  of  subsequent  inocula- 
tion experiments.  Group  I  includes  two  bovine  cultures  and  two 
human  cultures.     Gi'oup  II  includes  the  remaining  human  cultures. 

(2)  The  microscopic  characters  of  the  various  organisms  cultivated 
on  egg  exhibited  such  slight  differences  that  no  sharp  division  line 
could  be  drawn.  The  bovine  bacilli  were  indistinguishable  from  the 
majority  of  the  human  batulli. 

(3)  The  gross  characters  of  the  cultures  on  dog's  serum  did  not  per- 
mit of  a  division  into  two  groups  such  as  was  possible  with  the  egg 
cultures,  the  different^os  which  were  observed  being  in  the  quantity  of 
growth  rather  than  in  its  quality.  There  was  one  exception  to  this 
rule  and  that  was  in  culture  0  No.  i,  human,  which  always  exhibited 
a  thin  film,  resembling  ground  glass,  never  growing- so  luxuriantly 
as  the  others. 

(4)  The  microscopic  characters  of  the  three  cultures  which  were 
grown  on  dog's  serum  long  enough  to  make  a  careful  examination  of 
them  worth  while;  that  is,  cultures  E  T,  C  No.  4,  human,  and  C  No.  81, 
bovine,  were  not  such  as  to  permit  of  any  shaip  distinction  between 
them,  though  culture  C  No.  4,  was  slightly  longer  from  the  first  than 
the  other  two. 


Guinea  pigs, — All  of  the  animals  which  were  used  in  these  experi- 
ments were  as  vigorous  and  healthy  as  it  was  possible  to  obtain  them. 
None  had  ever  been  used  for  any  other  purpose;  and,  after  inoculation, 
they  were  kept  in  perfectly  clean,  separate  cages,  one  guinea  pig 
usually  being  placed  in  a  cage  with  a  rabbit  which  bad  received  the 
same  culture.  The  animals  were  not  bandied  after  inoculation,  the 
main  reliance  being  placed  upon  the  length  of  life  and  the  result  of 
the  macroscopic  and  microscopic  examinations  after  death.  The  heav- 
iest guinea  pig  weighed  664  grams  and  the  lightest  ■k-i-i  grams,  the 
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average  weight  being  532  ^rams.  All  guinea  pigs  were  inoculated 
aubcutaneously  on  the  inner  side  of  the  thigh.  The  do^es  given  were 
as  nearly  uniform  as  it  waa  possible  to  make  them,  the  culture  being 
prepared  for  inoculation  in  the  same  manner  as  that  used  by  Smith, 
which  is  as  follows;  Particles  of  the  culture  were  carefully  transferred 
from  the  culture  tube  to  the  inside  of  a  dry  sterile  test  tube  until  euflS- 
cient  was  obtained  to  make  the  desired  amount  of  suspension.  Br  the 
use  of  a  heavy  platinum  wire  having  a  flattened  spatuIa-Hke  end,  the 
clumps  of  bacilli  were  rubbed  against  the  sides  of  the  tubes  until  all 
were  broken  up  and  the  bacilli  smeared  in  a  thin  film  on  the  glass.  A 
small  amount  of  sterile  peptonized  bouillon  was  now  added  and  by 
means  of  the  platiniun  wire  the  culture  wa.s  mixed  thoroughly  with 
the  fluid.  More  bouillon  was  added  until  the  reqiured  dilution  was 
obtained.  For  reasons  previously  stated,  1  have  adopted  for  all  inocu- 
lations a  suspension  which  was  made  as  nearly  as  possible  equal  in 
denaity  to  a  24-hour3  typhoid  culture.  A  uniform  dose  of  0.5  c.c, 
was  used. 

The  guinea  pig  which  survived  the  longest  was  one  which  received 
human  culture  No.  50,  the  animal  dying  of  generalized  tuberculosis  61 
days  after  inoculation.  This  culture,  previous  to  its  passage  through 
th3  monkey,  had  been  grown  on  artificial  media  for  more  than  8  yeai-s. 
One  guinea  pig  inoculated  with  human  culture  G  No.  1  lived  54  days, 
althoiigh  another  guinea  pig  of  greater  weight  than  the  first  one  suc- 
cumbed to  an  equal  dose  of  the  same  organism  in  31  days.  The  other 
animals  died  after  inoculation  at  \-arying  lengths  of  time  ranging  from 
4<l  days  downwards. 

In  Table  1  a  summary  of  the  inoculations  and  their  results  is  given. 
For  the  sake  of  obtaining  a  better  comparison  in  the  discussion  of 
these  results,  the  various  cultures  have  Ireen  divided  into  three  groups. 
It  must  be  understood,  however,  that  this  grouping  is  made  in  order 
that  the  results  may  be  more  clearly  explained  and  not  primarily  on 
account  of  their  difl:erent  efi'ect  upon  guinea  pigs. 

A  few  of  the  guinea  pigs  died  within  less  than  2  weeks  after  inocu- 
lation, and  unless  these  animals  showed  siifBcient  tuberculosis  to 
account  for  their  death  they  were  not  taken  into  consideration  in  com- 
puting the  a\erage  length  of  life.  Such  animals  are  marked  with  a 
star  in  the  tables. 

Gnmp  /,  hnviue  cuUvrra  C  No.  SI  and  ilL—The  guinea  pigs  inocu- 
lated with  these  cultures  had  an  average  weightof  542  grama  and  lived 
after  inoculation  an  average  of  23if  days. 

Group  II,  humun  ciilturex  E  T itnil  C  No.  4-- — The  guinea  pigs  inocu- 
lated with  these  cultures  had  an  average  weightof  oH5  grants  and  lived 
an  average  of  22i  da  vs. 

Grouj?  Ill,  Ii  If  mail  cuHur^if,  No.  60,  F  Z,  S  IS  No.  J,  G  D,  mi2^ 
C  No.  1,  and  D  T'.^The  guinea  pigs  inoculated  with  this  group  of 
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culturea  had  an  average  weight  of  530  (;rrani.s  and  lived  an  average  of 
35J  days. 

It  will  be  seen  that  between  Group  I  (bovine  cultures  C  No.  SI  and 
III)  and  Group  II  (human  cultures  E  T  and  C  No.  i)  the  differenc'es  in 
the  length  of  life  after  inoculation  are  no  flight  that  no  f<eparation 
Imsed  on  this  point  would  be  possible.  If  anything,  the  human  t-ul- 
tures  C  No,  4  and  E  T  might  he  considered  as  slightly  more  virulent; 
for,  although  the  guinea  pigs  of  this  group  arei'aged  23  gram!<  heavier, 
they  lived  an  average  of  1  day  lesw. 

The  cultures  of  Group  III  are  apparently  distinctly  less  virulent  for 
guinea  pigs  than  those  of  Groups  I  and  II,  the  animals  having  survived 
an  aveiuge  of  12  days  longer  than  the  bovine  guinea  pigs,  which  were 
of  greater  average  weight. 

The  similarities  and  differences  between  these  three  groups  appear 
also  in  the  results  of  the  postmortem  macroscopic  and  microscopic 
examinations.  The  spleen,  liver,  and  lungs  are  the  organs  which  are 
principally  affected  in  guinea  pigs,  and  when  the  inoculation  has  In-en 
made  subcutaneously  on  the  inside  of  the  tbigh  the  lungs  arc  the  last 
of  those  organs  to  exhibit  signs  of  the  disease.  For  this  reason  the 
time  rcfiuired  for  the  lungs  to  l)ecome  involved  may  l>e  taken  a-<  an 
index  of  the  rate  of  progress  of  the  disease,  and  I  have  considered  the 
tuberculosis  as  generalized  only  when  the  lungsas  well  as  the  liver  and 
spleen  are  affected. 

In  the  case  of  the  animals  Inoculated  with  cultures  of  Group  III,  the 
disease  wa.s  genemlized  in  all  of  those  which  survived  31  days  or  more. 
In  tho.se  which  survived  longest  the  characteristic  yellowish  areas  in 
the  liver  and  the  tubercles  in  the  lungs  were  largest  and  most  numer- 
ous, and  the  spleen  was  also  most  extensively  diseased.  In  the  case  of 
those  animals  inoculateil  with  the  <'ultures  of  the  Groups  I  and  II  the 
disease  was  generalized  in  all  those  which  survived  more  than  liS  days. 
None  of  the  animals  inoculated  with  these  cultures  lived  more  than  23 
days,  and  only  in  those  which  sur\'ivcd  the  inotulation  the  longest  were 
the  large,  yellowish,  l)ile-stained  areas  in  the  liver  very  prominent. 
That  organ,  while  showing  in  those  which  died  tirst  some  such  dianges, 
bad  usually  the  appearance  of  having  undergone  very  nipi<l  degenerative 
changes,  which,  while  ju.st  as  extensive,  had  not  developed  so  far  as  in 
those  animals  of  Group  III  which  lived  for  a  longer  time. 

The  impression  conveyed,  therefore,  by  the  macroscopic  ap|>earauce 
at  the  autopsies  on  guinea  pigs  was  that  the  disease  induced  by  the 
cultures  of  Groups  I  and  tl  was  more  rapid  in  its  progress  than  that 
induced  by  the  cultures  of  Group  III,  and  that  death  resulted  from  the 
extensive  interference  with  the  function.'*  of  the  various  organs  before 
the  tul>erculous  process  had  really  reached  its  height.  In  the  aise  of 
Group  III  the  disease  seems  to  have  been  disseminated  less  rapidly, 
the  organs  being  able  to  perform  their  functions  less  perfectly,  of 


Description  of  Plate  III. 

Fin.  1. — Section  of  lungof  truitieapigNo.  2077.  Animal  was  inoculated  with  boTuw 
tubercle  culture  C  No.  SI.  TiRsue  hardened  in  alrahol  and  embedded  in  celloidin. 
Stained  with  hematoiylin  and  carbol-fuchgin  aa  described  in  text  Drawn  with 
camera  lucida.     Magnified  l,4-°^0<]iamaten). 

Fi«.  2. — Liver  of  guinea  pig  No,  2077.    Same  tia  fit;.  1. 

Fk).  II. — Section  of  lung  of  guinea  pig  tio.  2592.  Animal  was  inoculated  wilh 
human  tubercle  culture  C  No.  4.  TiHPue  hardenetl  in  alcohol  and  eniheddeil  in  cel- 
loidin. Stained  with  hematoxylin  and  carbol-fuchein.  Brawn  with  camem  lucida. 
M^piified  1,450  diametera. 

Fi<i.  4. — Liver  of  guinea  pig  No.  2592.  Same  as  fig.  3.  Drawings  by  W.  S.  D. 
Haines. 

Description  op  Plate  IV. 

Fio.  1. — Section  of  lung  of  rabbit  No.  538.  Animal  was  inoculated  with  bovine 
tubercle  culture  C  No.  81.  Tissue  hanleneil  in  alcohol  and  eml)edded  in  celloidin. 
Stained  with  hematoxylin  and  carlxtl-fuchsin.  Drawn  with  camera  lucida.  Magni- 
fieil  1,450  d  Juneteni. 

Fiu.  2.— Liver  of  rabbit  No.  5.W.    Same  aa  fig.  1.     Drawings  by  W.  S.  D.  Haiiiee. 

Description  of  Pl.itbV. 

Fig.  1. — Section  of  lung  of  rabbit  No.  488.  Animal  was  inoculated  with  human 
tubercle  culture  C  N<i.  4.  Tissue  hardencl  in  alcohol  and  etii1ie<lded  in  celloidin. 
Stained  with  hematoxylin  and  carbol-fuchsin.  Drawn  with  camera  lucida.  Magni- 
fied 1,450  diameters. 

FiQ.  2.— Liver  of  rabbit  No.  4M8.    Same  as  fig,  1.     Drawings  by  W.  S,  D.  Haines. 
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Sections  showing  bacilli  iq  tubercles  frorri  iqoculaled  quiiieajJiqs. 
Fiqs.  I  and  2,  bovine,  Fiqs.  3  a^d  4,  human  tuberculosis.     v^tOO^Ic 
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course,  but  sufficient!}'  long  for  the  tubereles  to  reach  a  further  stage 
of  development. 

The  microscopic  examination  of  the  tissues  from  the  various  animals 
was  made  as  complete  as  possible,  sections  being  made  of  the  spleen 
and  liver,  and  of  the  lungs  also  whenever  any  disease  of  those  organs 
was  present.  The  methods  used  for  preparing  the  tissues  and  staining 
were  as  follows:  The  hardening  was  done  with  80  per  cent  alcohol 
and  the  tissues  embedded  in  celioidin.  For  the  examination  of  tissue 
changes  the  sections  were  stained  with  Delafield's  hematoxylin  and 
with  eostn,  and  mounted  in  Canada  balsam  after  clearing  with  creosote. 
For  the  demonstration  of  tubercle  bacilli  the  sections  were  usually 
stained  lightly  with  hematoxylon  and  30  minutes  in  cold  carbol-f  uchsin. 
The  removal  of  the  excess  of  carbol-fuchsin  was  effected  by  means  of 
Orth's  discharging  fluid, "  the  section  l)eing  subsequently  immersed  in 
water  containing  a  trace  of  ammonia  to  restore  the  blue  to  the  cell  nuclei. 
In  some  instances  the  hematoxylin  was  not  used,  the  counterstaining 
being  accomplished  by  means  of  methylene  blue  after  the  use  of  the 
tarbol-f  uchsin.  All  the  sections  were  cleared  in  creosote  or  clove  oil 
and  mounted  in  Canada  balsam. 

In  the  microscopic  examination  of  the  tissues,  special  attention  was 
paid  to  the  following  points:  1,  the  number  and  .size  of  the  tul)ercles; 
2,  the  condition  of  the  tubercle.-* — whether  they  showed  necrosis  of  the 
(Knter  and  whether  there  were  any  evidences  of  retrogresHivc  changes 
indicating  decided  resistance  on  the  jmrt  of  the  body  to  the  invasion 
of  the  tubercle  bacillus;  3,  the  number  of  tubercle  Imcilli  in  the  lesions. 

First  of  all  it  may  he  stated  that,  in  the  microscopic  as  in  the  mac- 
roscopic examinations,  no  essential  difference  in  the  nature  of  the 
pathologic  changes  could  1>6  noted  in  the  different  guinea  pigs.  The 
differences  observed  were  only  such  as  are  always  found  in  tubercles 
which  have  reached  varying  stages  in  their  development.  The  bisto- 
l<^c  changes  in  the  organs  of  animals  inoculated  with  cultures  of 
Groups  I  and  II  were  practically  identical  in  those  animals  which 
survived  approximately  the  same  length  of  time,  while  in  those 
animals  inoculated  with  Group  III  which  died  at  the  end  of  the  same 
number  of  days  the  lesions  were  always  les.s  advanced,  about  8  days 
longer  being  required  for  cultures  of  this  group  to  pi-oduce  lesions 
approximating  those  produced  by  Groups  I  and  II. 

In  none  of  the  guinea  pigs  were  the  lung  tubercles  sufficiently  far 
advanced  to  show  a  characteristic  necrosis  of  the  central  portion, 
although  in  a  few  instances  its  beginning  was  indicated  by  a  frag- 
mentation of  the  cell  nuclei.  The  liver  and  spleen  in  all  the  inoculated 
guinea  pigs  contained  tubercles  with  cliaracteristic  central  necrosis 
and  tisually  in  the  liver  the  hepatic  cells  outside  of  the  zone  of  the 
tubercles  showed  greater  or  less  degenerative  changes,  indicated  by 

"HydrofhloricaciJ,  1  c.  c;  70  jier  irent  alcohol,  99  c.  c.     _, 
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obliteration  of  the  nuclei  and.a  fatty  degeneration.  In  the  spteen  the 
tubercles  were  not  well  defined,  there  being  found,  as  a  rule,  large 
irregular  ai-eus  of  coagulation  necrosis.  Tubercle  bacilli  were  most 
abundant  in  these  necrotic  areas. 

Tubercle  bacilli  were  much  more  abundant  in  the  tubercles  in  those 
guinea  pigs  inoculated  with  the  cultupes  of  Groups  I  and  II  than  in 
those  inoculated  with  any  of  the  members  of  Group  III,  There  were 
no  constant  differences  between  the  bovine  cultures  C  Ho.  81  and  III,  on 
the  one  hand,  and  the  human  cultures  C  No.  i  and  E  T,  on  the  oliier. 
In  the  sections  tubercles  would  occasiooall)'  be  found  after  inoculation 
with  the  bovine  cultures  which  contained  more  tubercle  bacilli  than 
certain  tubercles  in  guinea  pigs  inoculated  with  C  No.  4  and  E  T, 
and  the  exact  reverse  was  occasionally  noted.  Such  differences,  how- 
ever, were  not  marked,  and  no  distinction,  based  on  the  number  of 
bacilli  in  the  tubercles,  could  be  made  between  bovine  cultures  C  No, 
81  and  III,  on  the  one  hand,  and  human  cultures  C  No.  4  and  B  T,  on 
the  other.  The  accompanying  drawings  (PI.  Ill)  illustrate  very  well 
the  number  of  tubercle  bacilli  in  the  central  portion  of  tubercles  after 
inoculation  of  guinea  pigs  with  bovine  culture  C  No.  81  and  the  most 
virulent  human  cultures. 

As  a  result  of  the  guinea-pig  inoculations^just  described,  the  fol- 
lowing conclusions  may  be  formulated,  although  they  are  based  upon 
such  slight  differences  that  the  distinctive  features  might  be  entirely 
obliterated  by  a  series  of  experiments  in  which  the  animals  used  were 
appreciably  lighteror  where  the  dose  of  culture  was  appreciably  greater: 

(1)  There  was  a  tvifficient  variation  in  the  virulence  of  the  human 
cultures  for  guinea  pigs  to  permit  of  their  provisional  separation  into 
two  groups. 

(2)  In  those  animals  inoculated  with  the  most  virulent  group  of 
human  cultures  the  disease  was  marked  by  its  rapid  progress  {death 
in  less  than  30  days)  and  by  the  relatively  greater  number  of  tubercle 
bacilli  in  the  lesions. 

(3)  There  were  no  differences  observed  in  the  effect  produced  by  the 
two  most  virulent  human  cultures  and  the  two  Iwvine  cultures  on  guinea 
pigs.  In  both  the  disease  was  rapid  in  progress  and  in  both  tulierele 
bacilli  wore  very  numerous  in  the  lesions. 

(4)  As  a  general  proposition  it  may  be  stated  that  in  the  case  of  gmnea 
pigs  weighing  over  400  grams  and  inoculated  subcutaneously  with  0.5 
c.  c.  of  a  suspension  having  a  density  of  a  24-hoiirs  typhoid  culture  a 
difference  of  from  100  to  150  grams  in  weight  did  not  appear  to  influ- 
ence the  length  of  life  of  the  animals. 

KABBira — Aside  from  their  effect  upon  cattle,  it  is  upon  their  viru- 
lence for  rabbits  that  Smith  has  laid  particular  stress  in  defining  the 
differences  Ijetween  human  and  bovine  tubercle  iMicilli,  and  in  the  inoc- 
ulation experiments  herein  recorded  every  endeavor  has  been  mad.? 
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to  follow  his  methods  closely,  the  only  differences  being  in  the  cul- 
ture medium  used  (egg  instead  of  blood  serum)  and  in  the  fact  that, 
instead  of  favoring  the  human  cultures  by  using  Itf^htcr  aninmlis  for 
tbem,  I  have  endeavored  to  use  rabbits  for  the  human  cultures  wliich 
were  equally  as  heavy  or  heavier  than  those  which  were  inoculated 
with  the  bovine  cultures.  A  glance  at  Table  II  will  show  that  in  all 
cases  where  duplicate  inoculations  were  made  the  animals  inoculated 
with  the  human  cultures  had  a  greater  average  weight  than  those 
inoi'ulated  with  the  bovine  cultures. 

The  cultures  were  prepared  for  inoculation  in  the  same  manner  us 
for  the  guinea-pig  experiments.  A  uniform  dose  of  0,5  c.  c.  was  used 
and  all  inoculations  were  made  into  an  ear  vein.  No  rabbits  weighing 
less  than  1,350  grams  were  used,  and  after  inoculation  they  were  not 
disturbed^no  attempt  being  made  to  take  temperatures  or  to  weigh 
the  animals. 

An  examination  of  the  table  will  show  that  the  various  cultures  may 
be  readily  separated  into  two  groupsj  the  separation  being  based  uiK)n 
the  length  of  life  and  the  gross  lesions  observed  at  the  autopsy.  The 
cultures  of  Group  I,  consisting  of  bovine  cultures  C  No.  81  and  III  and 
human  cultures  C  No.  -t  and  E  T,  caused  the  death  of  all  rabbits  witliia 
20  dajs,  the  autopsy  rovdiling  always  a  severe  genei-alized  tubeirulosis. 
The  i-abbits  inoculated  with  the  cultures  of  Group  II,  on  the  contrary, 
lived  an  average  of  105^  days  {one  animal   inoculated  with  culture 

0  No,  1  is  still  living  at  the  end  of  a  year).  Five  rabbits  of  this  gix)up 
died  within  48  days  after  inoculation,  3  of  this  number  succumbing  on 
the  twenty -seventh  day.  The  rabbits  of  this  group  which  succuml>ed 
before  the  forty -eighth  day  presented  a  \ery  much  less  sevei-e  tulxrcu- 
losis,  however,  than  those  inoculated  with  Group  I.  The  gross  lesions 
observed  in  the  rabbits  inoculated  with  the  cultures  of  Group  I  pre- 
sented at  death  a  typical  picture  of  a  severe  rapidly  progressive  miliary 
tuberculosis.     The  lungs  were  literally  rilled  with  minute  tul>ercles 

1  mm.  or  less  in  diameter,  most  of  which  showed  a  distinctly  white 
necrotic  center.  The  lungs  did"  not  collapse  when  the  chest  cavity  was 
opened,  the  disease  being  so  extensive  that  the  lobes  were  almost  com- 
pletely solidified.  The  liver  was  rather  large,  and  minute  grayish 
points  could  usually  be  seen  scattered  over  its  surface.  The  spleens 
of  all  the  animals  were  much  enlarged,  being  usually  from  two  to  four 
times  the  normal  size,  and  having  si-^ttored  over  their  surfaces  minute 
grayish  areas,  which  were  frequently  so  numerous  as  to  give  a  steel- 
gray  color  to  the  organ,  which,  owing  to  the  congestion,  would  other- 
wise have  been  dark  red.  The  kidneys  frequently  showed  on  their 
surface  numerous  small  grayish  points  quite  similar  to  those  seen  on 
the  liver  and  spleen. 

The  severe  involvement  of  the  lungs  and  spleen  w«s  always  visible 
after  inoculation  with  any  member  of  Group  I.     The  liver  und  kidney 
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lesions  were  not  always  to  be  seen,  but  they  were  present  in  at  least 
one  of  the  animals  hiooulated  with  each  of  these  cultures.  With 
respei-t  to  their  virulence  for  rabbits  and  the  gross  lesions  produced, 
there  was  no  observable  difference  between  the  human  cultures  C 
No,  i  and  E  T  and  the  bovine  cultures  0  No.  81  and  III. 

The  cultures  of  Group  II  (consisting  of  cultures  F  T,  F  L,  S  E 
No.  3,  a  D,  12121,  C  No.  1,  D  T,  and  5h)  showed  sharp  differences 
from  Group  I  in  the  lesions  which  they  produced,  although  there 
were  considerable  variations  in  tiie  individual  i-abbits  inoculated  with 
the  menibei-s  of  Group  II.  As  has  been  remarked  before,  the  rabbits 
inoculated  with  Group  II  had  an  average  life  of  105$  days  against 
an  average  of  less  than  20  days  for  those  inoculated  with  Group 
I.  Cei'tain  of  the  rabbits  of  Group  II,  however,  survived  only  27 
days,  and,  in  all,  5  died  within  48  days.  As  the  pathologic  changes 
noted  in  those  rabbits  of  this  group  which  died  before  the  forty -eighth 
day  differed!  markedly  from  those  seen  in  the  rabbits  which  had  sur- 
vived a  longer  time,  it  will  Ijc  better  to  consider  the  gross  changes 
induced  l>y  Group  II  in  two  subgroups.  Those  i-abbits  of  the  tirst 
subgroup  which  succuml)ed  within  4S  days  presented  at  the  autopsy 
lesions  whi<'h  were  very  slight  when  compared  with  those  produced 
by  Group  I  and  which  did  not  seem  sufficient  to  cause  death.  Indeed, 
the  early  death  in  2  of  the  5  cases  might  be  attributed  to  a  coccidium 
infection  which  was  present  in  the  livers  of  both.  As  to  the  lesions 
of  tuberculosis  seen,  all  of  the  5  i^abbits  agreed  fairly  well.  The 
lungs  showed  slight  changes.  Sprinkled  over  their  surface  were  a 
number  of  small  grayish,  almost  invisible  points  usually  not  more 
than  0.5  millimetci-  in  diameter.  These  minute  foci  showed  no  copu- 
lation neci'osis  and  were  apparently  not  numerous  enough  to  inter- 
fere seriously  with  the  normal  functions  of  the  lung,  for  the  tissue 
outside  of  the  minute  tubercles  appeared  to  be  perfectly  healthy, 
the  lungs  collapsing  normally  when, the  cliest  cavity  was  opened. 
These  areas  in  the  lungs  correspond  closely  with  those  described 
by  Smith  for  his  sputum  rabbits.  They  become  white  and  plainly 
visible  when  immersed  in  alcohol.  In  a  few  of  these  mbbits  some 
minute  grayish  points  could  be  seen  on  the  surface  of  the  liver.  The 
spleen  and  kidneys  were  normal  in  size  and  appearance.  Those  rab- 
bits inoculated  with  Group  II  and  which  lived  a  longer  time  (forming 
the  second  subgroup)  exhibited  lesions  which  differed  markedly  from 
those  noted  in  the  rabbits  which  died  at  an  earlier  date,  and  Uiey  were 
also  separated  sharply  in  their  macroscopic  characters  from  those 
produced  by  Group  I.  In  the  rabbits  of  this  latter  subgroup,  all  of 
which  lived  more  than  79  days,  there  was  extensive  involvement  of 
the  lungs  and  kidneys.  In  the  lungs  there  were  large  whit«  irregular 
areas  of  coagulation  necrosis,  some  having  ti  diameter  of  1  cm.  The 
necrotic  areas  were  so  extensive  as  to  necessarily  interfere  seriously 
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with  the  function  of  the  lun^.  In  some  of  the  rabbits  which  lived 
the  longest  a  softening  had  taken  place  in  the  net^rotic  areas  and 
abscesses  were  produced  which  contained  a  rather  soft  white  pus.  The 
liver  and  spleen  in  all  these  animals  were  apparently  normal^  while 
the  kidneys  were,  without  exception,  extensively  diseased,  showing  on 
the  surface  and  in  the  body  of  the  organ  white  necrotic  areas  of  vary- 
ing size,  some  of  which  had  softened. 

A  careful  histologic  examination  was  made  of  the  lungs  of  all  the 
inoculated  rabbits,  and,  in  the  case  of  most  of  them,  the  liver,  i^pleen, 
and  kidneys  were  also  studied.  The  method  of  embedding  and  staining 
was  the  same  as  that  pursued  In  the  examination  of  tissues  from  the 
guinea  pigs.  As  a  result  of  this  microscopic  work  it  is  again  possible 
to  separate  the  various  cultures  into  two  groups.  The  lesions  caui^ed  by 
Group!  are  characterized  by  the  distinct  ncci-osis  of  the  central  por- 
tion of  even  very  young  tubercles  and  by  the  verj-  great  number  of 
tubercle  bacilli  in  them.  In  the  lungs  the  bacilli  were  present  in  enor- 
mous Dumberm.  (Pis.  IV,  V.)  This  group  (1)  comprises  bovine  cul- 
tures No.  SI  and  UI  and  human  cultures  E  T  and  C  No.  4. 

The  cultures  of  Group  II  are  the  remaining  human  cultures.  In 
those  animals  which  died  within  7  weeks  necrotic  changes  were  absent, 
the  tubercles  being  m&i'ked  by  an  accumulation  of  epithelioid  cells; 
occasionally  giant  cells  could  be  seen.  Tubercle  bacilli  were  usually 
scarce,  only  a  few  being  visible  in  each  nodule.  The  tul)ercles  were 
fairly  numerous  in  the  lungs,  but  very  scarce  in  the  liver,  spleen,  and 
kidney.  In  those  rabbits  which  lived  more  than  7  weeks  the  necrotic 
changes  were  marked,  involving  large  areas,  but  the  tubercle  bacilli 
were  not  numerous,  except  in  those  area.s  which  had  bi-oken  down. 
There  they  were  usually  present  in  considerable  numbers. 

To  recapitulate,  the  intravenous  inoculation  of  rabbits  served  to  sep- 
arate the  cultures  into  two  groups.  Group  I  (human  cultures  C  No.  4, 
and  E  T,  and  bovine  cultures  0  No.  SI  and  III)  caused  the  death  of 
the  rabbits  within  20  days,  due  to  a  severe  generalized  tuberculosis, 
a  necrosis  of  the  central  portion  of  the  tubercles  being  marked,  and 
large  numbers  of  tubercle  bacilli  being  present  in  the  lesions.  Group 
II  (human  cultures  No.  50,  F  L,  F  T,  S  E  No.  3,  G  D,  12124,  C  No.  1, 
and  D  T)  caused  the  death  of  rabbits  after  an  average  of  105  days. 
Those  rabbits  which  died  in  less  than  48  days  did  not  show  sufficient 
tuberculosis  to  cause  death;  necrosis  was  practically  absent  and  very 
few  tubercle  bacilli  were  found.  Those  that  lived  longer  than  48  days 
showed  extensive  necrotic  changes,  but  in  most  of  the  tubercles  very 
few  bacilli  could  be  seen. 

From  the  results  of  the  rabbit  inoculations  which  have  just  been 
described,  the  following  conclusions  may  be  drawn.  It  must  be 
remembered,  however,  that  they  are  based  upon  results  obtained 
when  the  rabbits  weighed  over  1,300  grams,  and  when  the  dose  was 
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thr  same  as  tliat  already  noted.  Any  considerable  variation  in  either 
of  these  two  factors  might  modify  the  results  considerably. 

(1)  Mammalian  tul>ercle  bacilli  may  be  divideil  into  two  classes: 
(tf)  Those  which  cause  the  death  of  rabbifcj  in  20  daj-s,  due  to  a  severe 
generalized  tubercnlosis;  and  (5)  those  which  kill  only  after  yeveral 
months,  or  when  an  earlier  death  takes  place  the  lesions  produced 
ai"o  not  se\'ere  and  necrotic  chang&j  are  conspicuous  by  their  absence. 

{i)  The  lesions  resulting  from  the  inoculation  with  the  virulent  cul- 
tures are  characterized  by  their  wide  distribution,  rapid  necrosis,  and 
by  the  ^'erj'  great  numbers  of  bacilli  in  the  lesions. 

(3)  The  lesions  resulting  from  the  inoculation  with  the  less  virulent 
cultures  are  characterized  by  the  absence  of  necrosis  in  the  tubercles 
in  those  rabbits  which  died  within  7  weeks,  and  by  the  lai^  conglom- 
erate tubercles  with  extensive  necrosis  seen  in  those  rabbits  which 
survived  for  a  longer  time.  Tubercle  bacilli  wei'e  found  usually  in 
very  small  numbers. 

(4)  Tubercle  bacilli  of  bovine  origin,  in  their  action  upon  rabbits, 
were  indistinguishable  from  the  must  virulent  human  cultures  (E.  T. 
and  C  No.  4). 


The  foregoing  experiments  have  been  especially  striking  on  account 
of  the  widely  varying  virulence  among  the  human  tubercle  cultures, 
and  by  reason  of  the  fact  that  those  himiaii  cultures  showing  the  high- 
est degree  of  virulence  were  indistinguishable  from  the  bovine  cultures 
with  which  they  were  compared.  It  is  also  interesting  to  note  that 
thone  human  cultures  which  were  identical  with  the  bovine  cultures 
in  their  virulence  for  rabbits  were  atsocapahle  of  causing  a  generalized 
tuberculasis  in  calves.  And  in  addition  only  those  cultures  which 
caused  the  death  of  rabbits  within  20  days  were  capable  of  bringing 
about  a  generalized  tuberculosis  in  calves  after  subcutaneous  inocula- 
tion. There  seems  to  be  no  reason  whatever  for  making  a  distinction 
between  the  two  bovine  cultures  and  human  cultures  C  No.  4  and  E  T, 
so  far  as  their  Hction  upon  guinea  pigs  and  rabbits  is  concerned,  and 
as  a  result  of  our  experiments  the  following  general  conclusions  seem 
unavoidable: 

(1)  Certain  tubercle  bacilli  of  human  origin  arc  indistinguishable 
either  cult»irally,  morphologically,  or  with  regard  to  their  virulence 
for  rabbits  and  guinea  pigs  from  certain  tubercle  bacilli  of  fwvine 
origin. 

(2)  There  is  considerable  variation  in  the  virulence  of  human  tubercle 
bacilli  for  rabbits  and  guinea  pigs. 

Until  we  know  what  influence  a  residence  in  the  human  body  exerts 
upon  l>ovine  tubercle  l>acilli  we  cun  not  determine  accurately  the  pro- 
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portion  of  cases  of  human  tuberculosis  which  result  from  infection 
from  cattle. 

I  am  inclined  to  the  belief,  from  the  experiments  here  presented  and 
from  those  of  Kavenel,  Vagedes,  Fibiger  &  Jensen,  and  others,  that 
in  bovine  and  human  tuljerculosin  wo  have  to  do  with  oi^nisms  differ- 
ing usually  in  virulence,  but  between  which  there  is  no  other  essen- 
tial distinction. 

ilore  detailed  study  of  tubercle  bacilli  derived  from  accidental  inoc- 
ulation of  men  with  t>ovine  virus  is  needed,  t<^ether  with  a  more 
extended  examination  of  bovine  bacilli  derived  directly  from  cattle. 
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LETTER  OF  TRANSMIHAU 


U.  S.  Department  of  Agricultube, 

Bureau  of  Animal  Industry, 
Waxhijigton,  D.  C,  November  28,  1904- 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
"The  comparative  virulence  of  human  and  bovine  tubercle  bacilli 
for  some  Isi^  animals,"  by  Drs.  E.  A.  de  Schweinitz,  M.  Dorset,  and 
E.  C.  Schroeder. 

When  the  experimental  work  described  in  this  manuscript  had 
been  practically  completed,  Doctor  de  Schweinitz,  who  was  at  that 
time  chief  of  the  Biochemic  Division  of  this  Bureau,  was  taken  sud- 
denly ill  and,  to  our  great  sorrow,  died.  This  unfortunate  occur- 
rence threw  upon  the  remaining  authors  of  this  paper  the  entire 
burden  of  its  preparation;  together  with  the  formulation  of  the  con- 
clusions expressed  therein.  In  view  of  this  fact  Doctor  de  Schwein- 
itz should  be  given  credit  for  the  active  part  taken  by  him  in  the 
prosecution  of  these  experiments,  but  should  not  be  held  responsible 
for  the  conclusions  drawn  therefrom. 

This  manuscript  describes  the  inoculation  of  cattle,  hogs,  and 
monkeys  with  tuberculous  virus  of  both  human  and  bovine  origin 
and  bears  directly  upon  the  very  important  question  of  the  infec- 
tiousness of  bovine  tuberculosis  for  human  beings.  I  recommend 
that  this  manuscript,  together  with  the  accompanying  illustrations, 
which  are  necessary  to  a  thorough  understanding  of  the  text,  be 
published  as  Part  II  of  BulleCin  No.  52  of  this  Bureau. 
Respectfully, 


Hon.  James  Wilson, 

Secretary  of  Agriculture 


D.  E.  Salmon, 
Chief  of  Bureau, 
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B;  E.  A.  DB  SoHWUMnz,  Ph.  D.,  M.  D.,  Muioh  Dorset,  M.  D.,  and  E.  C. 

SOBBOEDBB,   M.   D.   V. 

The  expBriments  described  in  this  part  of  Bulletin  No.  52  deal 
almost  exclusively  with  (1)  the  infectiousness  of  tubercle  bacilU  of 
human  origin  for  hogs  and  cattle  and  (2)  the  comparative  virulence 
of  human  and  bovine  tuberculous  virus  for  monkeys.  The  preUm- 
inary  notes,  indicating  the  important  features  of  these  experiments, 
have  already  been  published,  and  it  is  our  desire  to  present  here  the 
details  of  the  experiments,  tc^ether  with  a  brief  review  of  some  of 
the  literature  which  bears  more  or  less  directly  upon  the  work  we 
have  done. 

FLAN    OF  THE    EXPEBIHENT8. 

The  original  plan  adopted  for  these  experiments  contemplated  the 
following  lines  of  work: 

(1)  The  isolation  of  fresh  cultures  of  human  tuberculosis  from 
sputum  and  from  cases  of  generalized  tuberculosis  in  adults  and  chil- 
dren, obtaining  whenever  possible  material  from  cases  which  indi- 
cated an  involvement  of  the  abdominal  viscera. 

(2)  The  inoculation  of  cattle  and  hogs  intravenously  and  subcu- 
taneously  with  the  cultures  or  material  so  obtained. 

(3)  The  feeding  of  human  tuberculous  material  to  calves. 

(4)  The  isolation  of  fresh  cultures  of  bovine  tubercle  bacilli  and 
their  use  for  comparison  with  the  cultures  from  human  beings  men- 
tioned above. 

(5)  The  subcutaneous  and  intravenous  inoculation  of  cattle  and 
hogs  with  such  bovine  cultures  or  with  bovine  tuberculous  material. 

(6)  The  inoculation  of  cattle  with  bovine  and  human  tubercle 
becOli  which  had  been  under  cultivation  in  the  laboratory  for  some 
years  and  which  possessed  probably  a  comparatively  low  degree  of 
virulence. 

It  was  our  plan  to  trace  the  histories  of  the  subjects  from  whom 
the  human  tuberculous  material  was  taken  and  to  give  complete 
autopsy  records  of  these  persons.  The  animab  which  succumbed  to 
inoculation  were  to  be  carefully  examined  after  death,  and  the  lesions 
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found  were  to  be  studied  microscopically  in  order  to  determine  if 
possible  whether  or  not  the  disease  produced  was  of  a  progressive 
character. 

Before  the  experiments  progressed  very  far  it  became  evident  that 
certain  of  the  projected  details  which  seemed  quite  desirable  could 
not  be  fully  carried  out.  The  subjects  from  whom  the  tuberculous 
material  was  obtained  belonged  mostly  to  the  pauper  classes,  and  it 
was  impossible  to  ascertain  with  any  degree  of  certainty  the  sources 
of  their  food  supply.  In  addition,  the  family  histories  were  value- 
less almost  without  exception.  In  other  cases  from  which  sputum 
was  obtained  no  autopsy  was  made  when  the  subject  finally  died, 
owing  usually  to  prejudice  on  the  part  of  relatives.  The  records  of 
most  of  the  cases  of  human  tuberculosis  are  therefore  very  unsatis- 
factory in  so  far  as  they  concern  the  mode  of  infection. 

But  let  it  be  remembered  that  the  primary  object  of  these  experi- 
ments is  to  determine  whether  tuberculosis  in  cattle  may  be  brought 
about  by  tubercle  bacilli  which  have  caused  serious  or  fatal  disease 
in  man.  The  source  from  which  the  human  beings  were  infected 
may  be  of  great  importance  when  it  can  be  traced,  but  it  is  not  nec- 
essary to  a  solution  of  the  problem  which  we  have  undertaken. 

•       METHOD    OP   OBTAINING    THE    CUI.TURBS. 

Before  discussing  the  general  features  of  the  experiments  it  should 
be  stated  that  all  the  cultures  used  were  isolated  from  guinea  pigs 
which  had  been  inoculated  with  material  from  the  various  cases  of 
human  and  bovine  tuberculosis.  As  a  rule,  the  cultures  were  obtained 
from  the  spleens  of  guinea  pigs  and  grown  on  the  egg  medium,  which 
is  described  in  detail  on  page  9  of  Part  I  of  this  bulletin.  In  the 
comparative  inoculations  the  cultures  were  approximately  of  the 
same  age  and  the  doses  given  as  nearly  uniform  as  possible. 

SOURCES    OF   HU.MAN    TUBERCULOUS    MATERIAL. 

As  previously  stated,  we  were  unable  to  secure  full  data  relative 
to  the  previous  histories  and  autopsy  conditions  of  many  of  the  cases 
of  human  tuberculosis  which  supplied  material  for  our  investigations. 
In  some  instances  the  hospital  records,  although  quite  voluminous, 
were  deficient  in  details  of  especial  interest  in  experiments  of  this 
character;  hence  only  such  portions  of  them  as  have  a  direct  bearing 
upon  the  origin  or  nature  of  the  tuberculosis  with  which  the  several 
individuals  were  afflicted  will  be  inserted  in  this  bulletin. 

We  must  express  our  sincere  thanks  to  the  physicians  who  kindly 
furnished  us  with  material  and  records  from  the  several  hospitals  in 
this  city.  The  tissue  obtained  from  the  Government  Hospital  for  the 
Insane  was  sent  to  us,  together  with  the  postmortem   records,  by 


EXPEBI1CEHT8   OOKOEENINO   TUBERCULOSIS.  38 

Dr.  I.  W.  Blackburn,  the  pathologist  of  that  institution.  For  the 
material  from  the  Children's  Hospital  we  are  indebted  to  Doctors 
Grasty  and  Mason  of  the  house  staff,  and  for  the  sputum  obtained 
from  patients  in  the  Washington  Asylum  Hospital  to  Doctor  Price, 
house  physician  in  the  asylum, 

(1)  CvUrtire  F  T,  human. — This  culture  was  obtained  on  egg  from 
the  lung  of  a  guinea  pig  which  had  been  inoculated  intraabdominally 
with  sputum  from  a  45-year-old  negro  woman  whose  occupation  was 
that  of  a  domestic.  She  was  admitted  to  the  Washington  Asylum 
Hospital  February  16,  1902,  after  a  diagnosis  of  pulmonary  tubercu- 
losis with  chronic  interstitial  nephritis  had  been  made.  There  was 
nothing  unusual  during  the  course  of  her  illness.  She  died  February 
23,  1902.     No  autopsy  could  be  obtained. 

(2)  Culture  F  L,  hwman. — This  culture  was  obtained  from  the 
spleen  of  a  guinea  pig  which  had  been  inoculated  intraperitoneatly 
with  sputum  from  a  painter  40  years  old.  He  was  admitted  to  the 
Washington  Asylum  Hospital  on  June  26,  1902,  after  a  diagnosis  of 
pulmonary  tuberculosis  had  been  made.  This  patient  died  on 
November  4,  1902.  Consent  to  a  postmortem  examination  could 
not  be  obtained. 

(3)  Culture  S  E  No.  3,  human. — This  culture  was  obtained  from 
the  spleen  of  a  guinea  pig  which  had  been  inoculated  subcutaneously 
with  a  small  fragment  from  the  lung  of  a  man  50  years  old.  This 
man  was  admitted  to  the  Government  Hospital  for  the  Insane  on 
July  28,  1890,  suffering  from  chronic  dementia.  Owing  to  the 
patient's  condition,  no  evidence  could  be  obtained  relative  to  his 
previous  history.  The  illness  which  terminated  in  his  death  appeared 
to  begin  on  September  3,  1901,  when  he  had  a  chill  followed  by  fever. 
From  that  date  the  temperature  varied  from  98°  to  102°  F.  On 
May  15,  1902,  the  abdomen  was  distended  and  the  patient  vomited 
copiously.     Death  took  place  on  May  16. 

The  autopsy  revealed  pleuritic  adhesions  of  both  lungs.  In  the 
left  lung  old  tuberculous  deposits  were  found;  in  the  apex  there  were 
some  small  cavities;  secondarj'  tuberculous  granulations  were  scat- 
tered throughout  the  remaining  portion  of  the  upper  lobe  and  in 
patches  throughout  the  lower  lobe.  In  the  right  lung  old  tubercu- 
lous foci  were  found  in  the  upper  portion  and  tuberculous  nodules 
throughout  the  remainder  of  the  organ.  The  liver  had  undergone 
fatty  degeneration;  the  intestines,  lai^e  and  small,  were  extensively 
ulcerated;  the  ulcerations  were  especially  numerous  in  the  small 
intestine.  Many  of  the  mesenteric  glands  were  enormously  enlarged, 
caseous,  and  some  of  them  softened.  A  few  tubercle  bacilli  were 
found  in  smear  preparations  from  the  granulations  in  the  lung,  but 
none  could  be  demonstrated  in  the  caseous  material  from  the  mes- 
enteric glands. 
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(4)  Cidture  6  D,  human. — This  culture  waa  obtained  from  the 
spleen  of  a  ^inea  pig  which  had  been  inoculated  with  a  small  frag- 
ment of  a  peritoneal  tubercle  from  &  man  19  years  old.  The  man 
was  admitted  to  the  Government  Hospital  for  the  Insane  on  Febru- 
ary 11,  1902,  suffering  with  acute  mania  associated  with  generalized 
tuberculosis.  The  tuberculosis  apparently  began  about  three  months 
before  admission  to  the  hospital.  The  temperature  ranged  from 
99°  to  101.8°  F.  The  sputum  contained  a  very  small  number  of 
tubercle  bacilli.  The  patient  gradually  lost  strength  after  admission, 
and  died  on  May  7,  1902. 

The  autopsy  revealed  the  following  lesions:  The  lungawere  adhei^ 
ent  to  the  thoracic  wall,  except  at  the  lower  part  of  the  left  pleural 
cavity,  where  there  was  evidence  of  an  old  tuberculous  empyema. 
Many  miliary  tubercles  were  scattered  throughout  both  lungs  but 
very  few  cavities  were  found.  The  bronchial  glands  were  enlai^ed 
and  caseous.  The  omentum,  intestine,  and  all  abdominal  viscera 
were  so  bound  together  by  inflammatory  adhesions  that  it  was  impos- 
sible to  remove  any  of  the  oi^ns.  The  surface  of  the  peritoneum 
was  covered  with  yellowish  white  tuberculous  masses  ranging  in 
size  from  a  pin's  head  to  one-fourth  of  an  inch  in  diameter.  The 
liver  contained  numerous  tuberculous  areas,  some  of  which  had 
broken  down  and  produced  cavities.  The  spleen  was  full  of  lai^ 
tubercles;  the  kidneys  showed  numerous  medium-sized  tubercles. 
The  intestines  were  matted  together  by  adhesions  and  their  mucoua 
surface  presented  numerous  small  ulcers.  There  was  also  a  tuber- 
culous inflammation  of  the  meninges  of  the  brain.  From  the 
character  of  the  disease  it  was  impossible  to  determine  accurately 
the  mode  of  infection;  it  appeared  probable,  however,  that  the 
bronchial  glands  were  the  first  of  the  internal  organs  to  he  involved, 
and  it  is  not  unlikely  that  the  infection  entered  through  the  mouth 
or  throat. 

fS)  Cidture  No.  12,124,  ^uman.^This  culture  was  obtained  from 
th<^  spleen  of  a  guinea  pig  which  had  been  inoculated  with  a  small  frag- 
ment of  the  lung  of  a  woman  about  27  years  of  age.  The  woman  was 
admitted  to  the  Government  Hospital  for  the  Insane  in  November, 
1900.  She  was  an  Indian,  and  was  suffering  from  a  form  of  congenital 
imbecility.  She  had  lived  the  greater  portion  of  her  life  in  the  woods, 
subsistinguponberries,  game,  and  food  which  was  voluntarily  given  to 
her.  No  detailed  family  history  was  obtainable.  At  the  time  of 
admission  there  was  no  suspicion  of  tuberculosis,  but  she  began  to  fail 
shortly  afterwards.     She  died  on  June  26, 1902. 

The  following  synopsis  of  the  postmortem  lesions  was  kindly 
furnished  us  by  Doctor  Blackburn: 

1.  Tuberculous  pleuritis,  Dodular,  left  aidr  only.  2.  Pulmoiuiry  tuberculosis  with  perfora- 
ticm.    3.  Pneumothorax  aud  pulmonary  collapse.     4.  Tubereuloui  ulceration  rA  Ihe  <iit«e- 
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tines.  5.  Tuberculous  lymptuidenitis;  mespnteric  gUitdB.  6.  Tubrrculous  salpingitw 
with  adhcsiona.  7.  Perforation  and  localized  peritonitis  due  to  uWration  and  adhrajnns  <i( 
bowel  in  pelvic  cavity.  8.  Fatty  infiltratiun  of  liver.  9.  Moderate  degrei'  a(  iDterNtilial 
nephritis.  10.  Sliglit  chrouic  lepto-meningitis  and  atrophy  iiF  brain.  II.  Dilatation  of  left 
aide  of  heart  and  cardiac  thrombosis. 

RemaHo:  Tlie  brief  synopsis  ^ven  ahows  thit  extent  of  distribution  of  the  tuberculous 
lesions.  The  pulmonary  disease  seems  to  be  ordinary  acute  phthi^.  The  pleural  disease 
was  unusual  in  that  it  was  nodular  and  accompanied  by  active  inflammation  and  was 
limited  to  one  pleural  cavity,  the  left.  Tbe  nodules  bore  a  considerable  degree  of  rrxeiii- 
blatice  to  tlie  pearl  disease  of  cattle,  a  condition  I  do  not  often  Rnd.  The  intestinal  uleera 
were  lai^  and  completely  encircled  the  bowel,  llie  primary  seat  of  infection  was  probably 
the  luD^. 

(6)  CuUure  C  No.  1 ,  human. — This  culture  was  obtained  from  the 
spleen  of  a  guinea  pig  which  had  been  inoculated  with  a  small  frag- 
ment of  a  mesenteric  gland  from  a  child  19  months  old.  This  child 
was  admitted  to  the  Children's  Hospital  on  November  20,  1901.  No 
family  history  could  be  obtained.  The  general  history  of  the  patient 
is  as  follows:  A  male  child,  fed  partly  at  the  breaat  and  partly  on 
cow's  milk;  had  never  enjoyed  good  health.  On  examination  after 
admission  to  the  hospital  he  was  found  to  be  markedly  rachitic,  and 
bad  a  dull,  apathetic  expression.  He  was  affected  with  a  loose  cough 
and  his  respiration  was  rapid  and  shallow.  Mucous  rjiles  could  be 
heard  throughout  the  chest  and  some  consolidation  at  the  apex  of  the 
left  lung  was  detected.  The  gastric  and  intestinal  digestion  was  poor, 
but  a  physical  examination  of  the  abdomen  failed  to  reveal  anything 
abnormal.  The  patient  gradually  lost  in  condition  from  the  time  of 
his  admission;  appetite  was  and  remained  very  poor,  the  pulse  was 
rapid  and  weak,  and  he  gradually  passed  into  a  moribund  condition 
and  died  on  December  22, 1 901 . 

The  autopsy  record,  which  was  kindly  furnished  us  by  Doctor 
Graaty,  is  as  ifollows,  the  portions  which  have  no  direct  bearing  on 
tuheFculosis  being  omitted : 

Thorax:  Thediaphragm  was  adberent  to  the  base  of  the  right  lung.  There  was  a  general 
adhesive  pleurisy  on  this  side  with  imperfect  crepitation  of  the  lung,  which  was  mottled  and 
grayish  aud  studded  with  miliary  tubercles  which  were  especially  numerous  over  the  superior 
lobe  and  in  the  region  of  the  apex.  A  cavity  in  the  apex  was  about  the  size  of  a  hazelnut. 
The  left  lung  was  consolidated  at  the  apex.  There  was  imperfect  crepitation  throughout  the 
organ,  and  miliary  tubercles  from  1  to  5  mm.  in  size  could  be  seen  throughout  the  lung  tissue. 
The  lower  lobe  contained  two  large  cavities  filled  with  purolent  material  and  threads  of 
necrotic  tissue.  A  microscopic  examination  of  the  contents  of  these  cavities  revealed  the 
preaencc  of  many  tubercle  bacilli.  Tlie  tracheobronchial  glands  were  enlarged  and  caseous. 
Both  pleural  were  studded  with  tubercles.  The  brain  was  congested  and  at  its  base  some 
tubercles  and  a  serous  exudate  were  found.  There  were  also  tubercles  in  tlie  cerebellum 
and  fourth  ventricle.  In  the  abdominal  cavity  the  liver  was  enlarged  and  mottled  but 
riiowed  no  signs  of  tuberculosis.  The  spleen  was  enlarged  and  infiltrated  with  tubercles, 
lie  intestine  was  generally  hyperemic.  In  the  duodenum,  the  jejunum,  and  the  ileum,  at 
intervals  of  from  3  to  6  inches,  were  a  number  of  ulcerations,  some  flat  and  broad,  otheis 
deep,  punched  out,  and  undermined,  all  ulcj>n<  running  transverse  to  the  axis  of  the  inU«- 
tine.     Scra[Hn^  from  the  ulcers  revealed  tubercle  bacilli.     In  the  caput  coli  there  were  two 
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largr  ulcerated  tiraa,  one  just  above  tbe  ileocecal  valve,  IJ  incbra  in  lengtb  and  one-haJf 
inch  wide  and  the  other  just  at  the  ileocecal  ralve,  1  inch  long  and  very  irregular  in  outline. 
A  number  of  tuberculous  ulrt'rs  were  found  in  the  colon  alao.  Many  of  the  mesenteric 
gluid-s  were  enlarged  and  rawous. 

Guinea  pigs  wi're  inoculated  from  the  »iplpen  and  from  the  nieaenteric  ^nds,  and  all  died 
of  tulHTculoaiB. 

(7)  Culture  D  T,  human. — Thia  culture  was  obtained  from  the 
spleen  of  a  guinea  pig  which  had  been  inoculated  with  a  small  frag- 
ment of  the  lung  ot  a  girl  5  yeais  old.  The  girl  was  admitted  to  the 
Children's  Hospital  February  28,  1902.  The  family  history  was 
negative.  The  child  was  reported  to  have  been  ill  for  approximately 
three  months.  On  admission  to  the  hospital  her  temperature  ranged 
from  101°  to  107°  F.  The  clinical  symptoms  warranted  a  diagnosis  of 
tubercular  meningitis  associated  with  pulmonary  tuberculosis.  The 
child  died  on  March  10, 1902. 

The  autopsy  was  briefly  as  follows: 

Some  exudate  at  the  base  of  the  brain;  the  heart  was  normal;  in 
the  right  lung  there  were  a  few  tubercles.  Hemorrhagic  areas  and 
tubercles  were  also  found  in  the  upper  and  lower  lobes  of  the  left  lung. 
The  liver  was  softened  in  "places  and  old  adhesions  were  found  on  its 
superior  surface.  The  spleen  was  soft  and  exhibited  old  adhesions. 
The  mesenteric  glands  were  normal,  as  were  the  intestines  and  kid- 
neys. There  is  nothing  in  the  autopsy  record  to  indicate  infection 
by  way  of  the  digestive  tract.  Smear  preparations  from  one  of  the 
lung  tubercles  showed  a  few  tubercle  bacilli. 

(8)  Culture  E  T,  human.— Thia  culture  was  obtained  from  the 
spleen  of  a  guinea  pig  which  was  inoculated  with  a  small  fragment  of 
a  mesenteric  gland  from  a  girl  12  years  old.  The  girl  had  been  treated 
twice  in  the  Children's  Hospital  for  tubercular  peritonitis  and  appar- 
ently cured.  The  first  attack  occurred  during  the  winter  of  1900  and 
the  second  in  March,  1901.  On  July  6,  1901,  she  returned  to  the 
hospital  suffering  from  a  tuberculous  arthritis  of  the  elbow  joint.  In 
December,  1901,  a  complete  excision  of  the  joint  was  made  and  the 
child  progressed  well  after  the  operation.  On  February  22,  1902,  a 
cold  abscess  on  the  back  of  the  neck  was  opened.  On  March  8,  she 
began  to  complain  of  slight  abdominal  pain;  the  temperature  rose 
gradually  and  the  vomiting  which  occurred  was  followed  rapidly  by 
stupor  which  deepened  into  coma  and  the  child  died  on  the  morning 
of  March  9.  The  temperature  shortly  before  death  was  108.8°  F. 
There  was  nothing  in  the  history  of  this  child  to  indicate  the  mode  of 
infection. 

The  autopsy  report,  which  was  furnished  us  by  Doctor  Mason,  is  as 
follows : 

Pleuritic  adhesions  on  both  aides.  The  lungs  were  free  from  tuberculosis;  the  heart 
was  small  and  flabby.  The  abdominal  cavity  contained  coii^derable  fluid  mixed  with 
Uood,  pus,  and  intestinal  ccntents.    The  utnentum  was  much  thickened  Mid  contained 
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a  Irt^  DumbFr  or  small  tubcrolra.  Thp  omentum  and  inU«tinps  wprp  adherent  to  the 
parietal  peritoneum.  The  spleen  was  large  and  filled  with  tubercles;  the  kidneys  were 
lai^  and  soft,  but  not  tubeiruluus.  The  liver  waa  very  friable  and  tilled  with  tuberrlea. 
Tlie  iateslinea  were  bound  to  (he  peritoneum  and  the  neif[hboring  coils  were  firmly  adhe- 
rent to  each  other.  There  were  numerous  caseous  mesenteric  glands;  numerous  uleeru 
distributed  thn)Ughout  the  ileum.  The  lower  p<rtion  of  this  section  of  (he  small  intes- 
tine was  constricted  by  bands  of  adhesive  tissue  and  an  area  of  about  7  inches  was 
greatly  congested  and  almost  gangrenous.  Just  above  this  congested  area  were  two  pei^ 
forations  through  small  ulcers. 

Smear  preparations  made  from  the  meseDterie  glands  did  not  diow  any  tubercle  bacilli, 
but  the  guinea  pip*  wliieli  were  imicidBted  with  the  sBine  material  developed  the  diHease, 

(9)  Culture  C  No.  4,  human.-  This  culture  was  obtained  from 
the  spleen  of  a  guinea  jiig  which  had  bctm  inoculated  with  a  small 
fragment  of  a  peritoneal  tuherde  from  a  hoy  5  years  old.  This 
child  was  admitted  to  the  Children's  Hospital  on  April  4,  1002. 
The  family  history  and  previous  history  of  the  |)atient  as  deter- 
mined at  the  hospital  were  as  follows :  The  parents  were  both  alive 
and  healthy,  and  had  lost  no  children.  The  only  other  child  was 
in  good  health.  There  was  a  history  of  some  tuberculosis  in  the 
mother's  family.  The  boy  when  an  infant  had  been  reared  on  con- 
densed milk  and  until  the  time  of  his  present  illness  was  said  to  have 
been  a  healthy  child.  During  the  summer  and  fall  of  1901  ascit^ 
developed  and  the  child  was  confined  to  bed  for  two  weeks,  the  effu- 
sion disappearing,  but  a  hard  mass  remained  in  the  region  of  the 
umbUicus.  During  October,  1901,  the  patient  developed  pertussis, 
and  the  cough  persisted  until  the  time  of  admission  to  the  hospital. 
About  two  weeks  before  entering  the  hospital,  during  coughing,  a 
rupture  of  the  abdominal  wall  occurred  and  an  intestinal  fistula 
resulted.  Wlicn  admitted  to  the  hospital  the  child  was  extremely 
emaciated,  had  a  severe  cough,  fever  at  night,  seemed  constantly 
disfiosed  to  sleep,  and  had  no  appetite.  The  patient  did  not  improve 
in  the  hospital,  and  died  six  days  after  admission. 

The  autopsy  was  briefly  as  follows: 

There  was  a  generalized  tuberculosis  of  the  thoracic  and  abdomi- 
nal viscera  involving  the  lungs,  spleen,  liver,  intestines,  and  lymph 
glands.  The  peritoneum  and  mesentery  contained  many  tubercles. 
The  mesenteric  glands  were  generail}'  caseous  and  enlarged.  In  the 
lower  portion  of  the  ileum  was  a  perforation  which  connected  with  a 
cavity  (completely  walled  off  from  the  peritoneal  cavity)  which  com- 
municated with  an  opening  at  the  site  of  the  umbilicus.  The 
intestinea  were  so  firmly  bound  down  by  adhesive  tissue  that  it  was 
exceedingly  difficult  to  trace  their  course.  No  ulcers  were  found. 
The  peritoneal  tubercles  were  examined  microscopically  but  no 
bacilli  found.  The  guinea  pigs  which  were  inoculated  developed 
tuberculoma.  It  seems  probable  that  the  infection  in  this  case  as  well 
as  in  the  preceding  one,  had  its  origin  in  the  abdominal  cavity,  but 
£rom  the  rather  meager  details  of  the  autopsy  which  are  obtainable 
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it  is  imposeible  to  speak  defmitely  in  regard  to  this  matter.  On 
account  of  the  age  of  the  child  and  its  previous  good  health,  the 
infection  most  probably  took  place  at  some  time  subsequent  to  the 
date  when  it  was  weaned  from  its  bottle. 

(10)  Cultures  Nos.  4O  to  60. — These  cultures  were  of  human  origin. 
They  had  been  grown  in  the  laboratory  for  a  number  of  years  on 
li{|utd  media  and  still  retained  the  characteristic  virulence  for  guinea 
piga. 

(n)  Cultures  A  lOi  to  A  125. — These  cultures  represent  different 
generations  of  the  attenuated  culture  which  has  been  under  culti- 
vation in  the  Biochemic  Division  for  about  ten  years.  Culture  A 
125  is  the  one  hundred  and  fiftieth  generation  on  glycerinized  bouil- 
lon. This  culture  was  originally  received  from  Doctor  Trudeau, 
who  states  that  it  was  obtained  by  himself  in  1891  directly  from  a 
case  of  mihary  tuberculosis  in  man.  It  was  afterwards  passed 
through  a  rabbit  and  then  cultivated  on  various  artificial  media. 
While  entirely  avirulent  for  guinea  pigs,  it  has  the  property  of 
producing  in  cultures  the  substance  which  causes  the  fever  reaction 
in  tuberculous  animals,  and  has  for  a  long  time  proved  very  satis- 
factory for  the  preparation  of  tuberculin. 

(12)  Nev'  York  culture,  human. — This  culture  was  obtained  Decem- 
ber 21,  1001,  from  a  tuberculous  lung  which  was  sent  to  us  by  Doctor 
Ijartigau,  of  the  College  of  Physicians  and  Surgeons  in  New  York. 
Similar  material  was  also  secured  from  New  York  on  January  6, 
February  10,  and  March  3,  1002. 

(13)  Spiiium,  human. — This  material  was  used  for  the  inoculation 
and  drenching  of  cattle. 

HOniCES    OK    BOVINE    TUDERCULOIS    MATEBIAL. 

(14)  Culture  bovine  III  (Smith). — This  was  given  us  several 
years  ago  by  Dr.  Theobald  Smith  and  since  then  has  been  culti- 
vated continuously  on  glycerinized  bouillon. 

(\5)  Culture  C  No.  SI,  bovine. — This  culture  was  obtained  from 
the  spleen  of  a  guinea  pig  which  had  been  previously  inoctdated 
with  a  fragment  of  a  mediastinal  gland  from  cow  No.  81.  This 
animal — cow  No.  81-  was  affected  with  tuberculosis  of  spontaneous 
origin. 

Record  of  cow  No.  81:  About  5  years  old;  June  25,  1901,  tested 
with  tuberculin;  reacted;  was  removed  from  the  healthy  animals 
and  placed  in  a  stable  with  a  number  of  other  cattle  which  had 
also  reacted  to  tuberculin;  August  20,  1001,  had  a  moist,  dry  cough, 
respiration  regular  and  not  labored;  January  2,  1902,  was  removed 
to  another  stable  and  confined  continuously  in  a  box  stall  adjoining 
stalls  in  which  other  tuberculous  animals  were  kept.  Killed  March 
13,  1902]  and  examined  postmortem. 
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Autopsy:  Right  lung  is  a  solid  mass  of  tubercles  excepting  a  small 
area  at  the  superior  posterior  portion  of  principal  lobe.  LeftluDg 
contains  many  tuberculous  areas,  but  is  not  affected  to  so  great 
an  extent  as  the  right  one.  The  tuberculous  masses,  on  section,  are 
found  to  contain  lime  salts,  and  many  are  broken  down.  There  are 
also  a  number  of  distinct  cavities  which  are  partially  filled  with  a 
gelatinom  material.  These  cavities  communicate  with  the  bronchi, 
which,  as  welt  as  the  trachea,  contain  a  large  amount  of  the  above 
material.  The  mediastinal  glands  are  enlarged  and  are  converted 
into  masses  of  tubercles  separated  from  each  other  by  thickened  con- 
nective tissue.  These  tubercles,  on  section,  are  found  to  consist  of  a 
firm,  cheesy  material,  which  contains  lime  salts.  Liver  contains  sev- 
eral characteristic  tuberculous  nodules.  Spleen  apparently  normal. 
Nearly  all  of  the  mesenteric  glands  contain  one  or  more  tuberculous 
foci. 

(16)  Bovine  tuberculous  Haaue. — Material  obtained  from  various 
cases  of  spontaneous  tuberculosis  in  cattle. 

EXPERIMENTS   UPON   HOGS. 

It  will  be  remembered  that  Professor  Koch'"  announced  that  he 
had  been  unable  to  produce  generahzed  tuberculosis  in  hogs  by  sub- 
cutaneous inoculations  with  pure  cultures  of  human  origin.  In  order 
to  determine  the  correctness  of  his  views  we  inoculated  ten  hogs — 
some  with  human  tuberculous  material  and  some  with  pure  cultures 
of  the  human  tubercle  bacillus — and  also  one  pig  with  a  bovine  culture, 
the  latter  animal  serving  as  a  comparison  with  those  inoculated  with 
human  virus.  As  will  be  seen  from  the  gross  appearance  of  the 
various  organs  obtained  from  some  of  these  animals,  there  is  little  or 
no  difference  between  the  animals  inoculated  with  bovine  and  human 
tuberculous  material  (Pis.  VI,  VII,  VIII,  human,  and  X,  XI,  XII, 
bovine).  In  the  case  of  one  pig  no  disease  was  produced  by  inocu- 
lation with  a  human  culture.  This  culture  proved  to  be  quite  low 
in  virulence  for  all  of  the  domesticated  animals  which  were  exposed 
to  it.     The  detailed  records  of  the  hogs  follow : 

Record  of  hog  No.  a'*0.— January  29,  1902,  tested  with  tuberculin, 
without  reaction.  April  19,  1902,  weight  571  pounds.  Injected 
subcutaneously  inside  of  right  thigh  with  IJ  c.  c.  of  a  suspension  of 
human  culture  C  No.  1  prepared  in  the  following  manner:  The 
colonies  of  tubercle  bacilli  were  scraped  from  the  surface  of  four  dog- 
serum  culture  tubes  and  a  watery  suspension  of  them  made  by  adding 
18  c.  c.  of  sterile  water.  A  portion  of  this  suspension,  which  was 
moderately  turbid,  was  used  to  inject  the  animal.  September  9, 
1902,  killed  and  examined  postmortem. 

Autopsy:  In  good  condition;  no  lesions  of  tuberculosis. 
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Record  of  hog  No,  226.— April  12,  1902,  weight  before  injection,  51 
pounds;  tested  with  tuhercuHn  before  inoculation  without  reaction; 
a  piece  of  thickened  tuberculous  human  intestine,  same  source  as 
human  culture  C  No.  4,  introduced  beneath  the  skin  inside  of  the 
left  thigh;  the  usual  technique  employed.  September  9,  1902,  the 
animal  killed  and  examined  postmortem. 

Autopsy :  The  entire  lung  was  sprinkled  with  areas  of  tuberculosis; 
the  left  median  lobe  completely  solidified;  the  bronchial  and  medias- 
tinal glands  greatly  enlarged  and  entirely  tuberculous ;  portal  glands 
similarly  affected;  a  number  of  necrotic  foci  in  the  liver. 

Guinea  pigs  Nos.  23(H)  and  2^101  were  each  inoculated  subcuta- 
neously  with  a  small  fragment  of  a  mediastinal  gland  from  tliis  hog 
and  as  a  re-sult  died  of  a  generalized  tuberculosis. 

Recortf  of  hog  No.  ^./^.- -April  12,  1902,  weight  58  pounds;  tested 
with  tuberculin  before  inoculation  without  reaction;  a  piece  of  thick- 
ened tuberculous  intestine  introduced  beneath  the  skin  on  the  inside 
of  the  left  thigh;  the  usual  technique  employed;  same  material  as 
that  used  for  hog  No.  226.  September  9,  1902,  killed;  in  good  con- 
dition. 

Autopsy:  Sprinkled  throughout  the  lung  are  numerous  minute 
white  points  surrounded  by  a  zone  of  semitransparent  material.  The 
mediastinal  glands  show  a  number  of  minute  necrotic  areas  and  are 
slightly  enlarged;  liver  .s}irinkled  with  small  areas  of  necrosis,  and 
the  portal  glands  are  enlarged  and  filled  with  necrotic  material;  more 
or  less  disease  of  the  omentum  and  serous  surface  of  the  intestines, 
resembling  pearl  disease;  several  necrotic  areas  in  the  spleen. 

The  tissue  used  to  inoculate  hogs  Nos.  226  and  229  was  from  the 
same  source  as  that  used  for  obtaining  the  culture  with  which  hog 
No.  460  was  inoculated. 

Record  of  hog  No.  ^60.  —This  animal  was  not  tested  with  tuberculin 
before  inoculation,  but  was  in  a  perfectly  healthy  condition  at  that 
time.  October  13,  1902,  injected  subcutaneously  in.side  of  left  thigh 
with  2  c.  c.  of  human  culture  C  No.  4.  This  animal  showed  signs 
of  illness  on  October  30.  The  disease  advanced  quite  rapidly,  the 
animal  exhibiting  a  cough,  labored  respiration,  and  a  poor  appetite 
until  November  11,  when  it  was  in  a  dying  condition  and  was  killed. 

DBacRiPTioN  oc  Plate  IX. 

Srrtions  of  organs  of  \vtffi  inonilalcd  aubrulanpously  with  culturra  C  No.  4  and  E  T, 
huinati,  tulxTCulosia.  Stained  with  hematoxylin  and  carbol-fuchsiii.  Magnified  l,4fiO 
diamptrm. 

Fig.  1. — Srption  of  lutig  of  Iiiir  No.  4.'J7,  inoculati^  willi  rulturc  E  T. 

Fig.  2. -Section  of  aplcon  of  hog  No,  AM,  innrulat^Hl  witli  culture  E  T. 

Fig.  3. — Si"ction  »rf  livpr  of  hog  Ni).  AH!,  inoculalod  with  culture  E  T. 

Fig.  4,— Section  of  lung  of  hog  No.  460,  inoculated  with  culture  C  No.  4. 

Drawing  by  W.  S.  D.  Hftinea. 
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Autopsy :  Some  swelling  and  slight  necrosis  of  tissue  on  the  inner 
aide  of  the  left  thigh  was  noted.  Lymphatic  system:  (1)  Left  ingui- 
nal glands  much  enlarged,  containing  many  smaU  yellowish  nodules 
visible  on  surface  of  the  glands;  (2)  right  inguinal  gland  and  (3)  right 
lumbar  gland  apparently  normal ;  (4)  retroperitoneal  glands  enlarged ; 
(5)  po-^terior  mediastinal  glands  enlarged,  size  of  pigeon's  egg.  Spleen 
very  dark  red  in  color;  the  surface  is  quite  rough  and  nodular;  there 
is,  however,  no  sign  of  caseation  in  the  nodules.  Liver  is  paler  than 
normal,  and  scattered  thickly  over  its  surface  are  grayish  white  areas, 
fairly  well  defined  and  about  the  size  of  a  pinhead.  Kidneys  rather 
dark,  but  otherwise  normal.  Intestines  not  inflamed,  but  mucous 
surface  of  cecum  is  covered  with  a  thick  white  exudate,  which  is 
easily  peeled  off,  leaving  the  intestine  beneath  in  a  fairly  healthy  con- 
dition. Lungs  have  a  general  pearl^;ray  color  and  scattered  over 
their  entire  surface  numerous  very  minute  whitish  areas  can  be  dis- 
tinguished.    (See  Pis.  VI  and  VII.) 

Microscopical  examination :  Lung— A  number  of  well-defined  tuber- 
cles with  necrotic  centers;  the  tubercles  contain  a  fair  number  of 
tubercle  bacilli.  Liver — A  large  number  of  mihary  tubercles  with 
necrotic  center;  occasionally  a  giant  cell  can  be  seen;  a  few  tubercle 
bacilli  are  present  in  some  of  the  tubercles.  Spleen— A  number  of 
more  or  less  circumscribed  areas  of  necrosis  are  visible;  these  areas 
contain  a  very  few  tubercle  bacilh.  Mediastinal  glands — There  is 
considerable  necrosis  of  the  cellular  tissue  and  a  very  few  tubercle 
bacilli  are  present.  Mesenteric  gland^A  few  necrotic  areas  and  a 
few  tubercle  bacilh  were  noted.  Left  inguinal  gland— Large  areas 
of  necrosis  which  contain  a  few  tubercle  bacilli.  Left  lumbar  gland — 
Large  areas  of  necrosis  containing  very  numerous  tubercle  bacilli. 
Intestinal  exudate — No  tubercle  bacilli  were  found. 

Record  of  hog  No.  i59. — Tested  with  tuberculin  before  inoculation 
without  reaction.  January  24,  1903,  weight  40  pounds;  injected 
subcutaneously  inside  of  left  thigh  with  2  c.  c.  of  a  thin  suspension  of 
human  culture  C  No.  4.  This  animal  appeared  to  he  in  good  con- 
dition until  June  2,  1903,  when  it  was  killed  and  examined  post- 
mortem, lesions  of  generaHzed  tuberculosis  being  found. 

Record  of  hog  No.  4^7.- — This  animal  was  not  tested  with  tuberculin 
prior  to  inoculation,  but  was  in  a  perfectly  healthy  condition  on  Octo- 
ber 13,  1902,  when  it  was  injected  subcutaneously  inside  of  left  thigh 
with  2  c.  c.  of  a  thin  suspension  of  human  culture  E  T.  This 
animal  gradually  lost  in  condition  and  died  on  December  13,  1902. 

Autopsy:  There  was  some  sweUing  at  seat  of  inoculation.  Lym- 
phatic system — (1)  Left  inguinal  glands  very  much  enlarged  and 
firm;  (2)  right  inguinal  glands  nonnal  in  size  and  appearance  upon 
section;  (3)  right  lumbar  glands  apparently  normal;  (4)  retroperi- 
1&342— No.  52,  pi  2-05 2 
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toaeal  glands  enlarged  and  tuberculous;  (5)  posterior  mediastinal 
glands  very  slightly  enlarged.  Abdominal  viscera — (1)  Liver  about 
normal  size,  mottled,  and  rather  light  in  color;  (2)  spleen  about  nor- 
mal in  size,  covered  with  light-red  nodules  about  size  of  a  half  pea, 
some  smaller,  which  are  raised  above  the  surface  of  the  organ— a  typ- 
ical tuberculous  hog  spleen  (see  PI.  VIII);  (3)  kidneys  congested. 
Thoracic  viscera — (1)  Heart,  slight  pericardial  effusion;  (2)  lungs 
both  gray  and  almost  completely  sohdified,  a  number  of  small  grayish 
points  over  the  surface. 

Microscopic  examination:  The  several  organs  showed  as  follows: 
Lung — Lai^  areas  are  sohdified  and  necrotic;  many  of  the  alveoli  are 
filled  with  cellular  debris  in  which  are  enormous  numbers  of  tubercle 
bacilli.  Liver — There  are  large  numbers  of  minute  tubercles  in  the 
section;  these  tubercles  contain  numerous  tubercle  bacilli.  Spleen— 
A  number  of  large,  fairly-wetl  defined  tubercles  with  necrotic  centers 
are  to  be  noted;  these  tubercles  contain  great  numbers  of  tubercle 
bacilli.  Mediastinal  gland — Contains  a  moderate  number  of  tubercle 
baciUi.  Left  inguinal  gland — Tubercle  bacilli  are  present  in  enor- 
mous numbers.  Left  lumbar  gland — Tubercle  bacilh  are  found  in 
eDormous  numbers. 

Record  of  hog  No.  .^5.— -Tested  with  tuberculin  before  inoculation, 
without  reaction.  January  24,  1903,  weight  44  pounds;  injected 
Bubcutaneously  inside  of  left  thigh  with  2J  c.  c.  of  a  thin  suspension 
of  human  culture  E  T.  This  animal  showed  no  especial  signs  of 
illness  as  a  result  of  the  inoculation,  but  when  killed  on  June  2,  1903, 
exhibited  the  lesions  of  generalized  tuberculosis. 

Record  of  hog  No.  ^83. — Tested  with  tuberculin  before  inoculation 
but  did  not  react,  January  24,  1903,  weight  35J  pounds;  injected 
aubcutaneously  inside  of  left  thigh  with  2  c.  c.  of  a  thin  suspension 
of  bovine  culture  C  No.  81.  March  3,  1903,  losing  in  condition; 
respiration  labored  and  accelerated ;  has  a  tumor  at  seat  of  injection 
about  2  by  2}  inches  in  size.  This  hog  failed  rapidly  and  died  March 
9,  1903. 

Autopsy:  Slight  inflammation  was  found  on  inside  of  left  thigh;  left 
inguinal  gland  enlarged  and  caseous;  right  inguinal  glands  normal; 
left  lumbar  gland  considerably  enlarged;  mediastinal  glands  some- 
what enlarged.  Spleen  slightly  enlarged  and  dotted  with  small 
round  pale  areas,  some  of  which  are  slightly  raised  above  the  surface 
of  the  organ.  Liver  has  scattered  over  its  surface  a  fair  number  of 
small  grayish  areas  the  size  of  a  pinhead  or  smaller.  Lungs  were 
both  distended  and  did  not  collapse  when  the  thoracic  cavity  was 
opened;  there  was  a  red  hepatization  of  the  cephalic  lobes  of  both 
lungs;  the  principal  lobes  were  generally  grayish  in  color  and  were 
sprinkled  with  minute  translucent  gray  areas,  (See  Pis,  X,  XI, 
and  XII.) 
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Table  III. — InocuiiHoa  of  hog$  tubcutantoxuly  wiA  human  and  bovint  tubercvlotit. 

HatMlKlund. 


Humu  eultuie  E  T 

Do 

Human  cultura  C  No.  4  . . 


Hog  No.  11 

Hog  No. « 
Hi^No.*; 
Bog  No.  4) 
Hog  No.  31 
HogNo.2S 

Hog  No.  Z 


Inoeuktion.  ' 


Oct.   I 


Reeult  of  InocuUOoB. 

I  Died  Dfc.  i:!,IMQ. 

I  Kcmotned  In  Iftir  condition, 

I  m  dying  condition  when  Ullfcid. 

Reniilned  la  lair  condition. 

I>lRl  U arch  9,  I9I». 


Remilned  tn  (air 
Remained  lairly 


"Rie  following  lootnotea  aboir  the  condition  ol  the  hoga  alter  death: 
aGeneralliedtuberouloali.  il  Killed  Sept.  9, 1802.    No  tubenuloili. 

»  Killed  June  2,1903.    Gene  rallied  tube  nniloals.        '' Killed  Sept.  9,  IWZ.    OeDeralliw]  tuberculoalB. 
<>  KlBed  Not.  11, 1902.    Oenarallied  tubereuloali. 


From  the  experiments  which  have  just  been  described  it  will  be 
seen  that  of  three  cultures  of  tuberculosb  from  children,  one  proved 
to  be  practically  without  virulence  for  hogs,  while  the  other  two 
induced  a  generalized  tuberculosis  which  was  quite  as  severe  as  the 
disease  caused  by  the  bovine  bacillus  in  hog  No.  483.  The  gross 
lesions  brought  about  in  the  hogs  by  the  more  virulent  human 
cultures  and  the  bovine  culture  are  very  well  depicted  in  the  accom- 
panying plates  {VI  trf  XII). 

All  the  hogs  used  for  these  inoculations  were  in  a  perfect  state  of 
health  at  the  beginning  of  the  experiments. 

As  a  result  of  these  experiments  upon  hogs,  the  conclusion  is  justi- 
fied that — 

1.  Certain  tubercle  bacilli  of  human  origin  possess  quite  as  great 
pathogenic  power  for  hogs  as  tubercle  bacilli  of  bovine  origin. 

2.  The  disease  induced  in  hogs  by  human  cultures,  C  No.  4  and 
E  T,  was  distinctly  progressive  in  character,  death  taking  place  in 
two  of  the  animals  in  twenty-eight  and  sixty  days,  respectively: 

BXPERIUENTS    UPON    CATTLE. 

Every  precaution  was  taken  to  avoid  the  possibility  of  error  in 
these  experiments.  In  all  cases  perfectly  healthy  animals  were 
selected,  and  no  cattle  were  included  in  the  experiments  that  had 
not  failed  to  respond  to  the  tuberculin  test.  Each  animal  was 
kept,  after  inoculation,  in  a  clean,  separate  stall,  where  there  was 
no  opportunity  for  the  contraction  of  disease  from  other  animals. 
The  cattle  were  inoculated  subcutaneoiisly,  intraabdominally  or 
intravenously,  and  some  were  fed  or  drenched  with  tuberculous 
material.    In  some  instances  it  was  possible  to  inoculate  or  drench 
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cattle  with  human  tuberculous  tissue  and  later  to  inoculate  others 
with  pure  cultures  derived  from  the  same  human  tissue.  By  this 
method  we  hoped  to  determine  whether  the  virulence  of  the 
organism  in  question  was  heightened  or  lowered  during  the  process 
of  its  isolation  in  pure  culture.  The  dose  given  the  cattle  varied 
somewhat,  but  was  in  the  main  fairly  uniform  and  not  excessive,  as 
will  be  seen  by  the  examination  of  the  records  which  follow. 

INTBAVBHOUS  IMOCULATIOHS 

Record  of  Tieifer  calf  No.  ^70.^About  one  year  old;  tested  with 
tuberculin  without  reaction.  September  16,  1902,  injected  with  5  c.  c. 
of  a  suspension  of  human  tubercle  culture  F  T  in  right  jugular 
vein.  The  first  symptom  of  illness  was  noted  on  September  25, 
when  the  respiration  was  accelerated.  The  respiratory  disturbance 
became  gradually  more  marked  and  the  general  condition  of  the 
animal  became  worse  until  about  the  17th  of  October,  1902,  at  which 
time  signs  of  improvement  were  noted.  The  animal  continued  to 
gain  rapidly  in  condition  and  appetite,  and  the  respiration  became 
normal. 

On  January  24,  1903,  the  animal,  apparently  in  perfect  health, 
was  inoculated  subcutaneously  in  front  of  the  right  shoulder  with 
5  c.  c.  of  bovine  III  tubercle  culture.  As  a  result  of  the  inocu- 
lation with  the  bovine  virus  a  tumor,  2  by  3  inches  in  size,  developed 
at  the  point  of  inoculation,  and  the  neighboring  prescapular  gland 
became  considerably  enlarged.  On  May  19,  1903,  a  soft,  tumor 
of  considerable  size  was  visible  at  the  point  of  inoculation;  the 
prescapular  gland  had  returned  to  its  normal  size.  The  enlargement 
on  the  side  of  the  neck  began  to  dischai^e  a  thick  creamy  pus  on 
July  27,  1903.  On  October  24,  1903,  a  tubercuhn  test  of  this  animal 
gave  no  reaction.  The  heifer  was  killed  on  November  2,  1903,  and 
examined  postmortem. 

Autopsy:  The  autopsy  showed  no  lesions  of  disease.  The  human 
culture  had  evidently  not  only  failed  to  infect  this  animal  but,  on 
the  contrary,  apparently  had  produced  an  immunity,  although  such 
a  supposition  is  open  to  the  rather  serious  objection  that  there  was 
no  control  to  prove  the  pathogenic  power  of  this  particular  bovine 
culture  for  normal  cattle. 

Record  of  calf  No.  275. — Age,  about  9  months;  tested  with  tuber- 
culin previous  to  inoculation,  but  did  not  react.  September  16, 1902, 
injected  with  5  c.  c.  of  a  suspension  of  human  culture  F  L  into 
right  jugular  vein;  weight  at  time  of  inoculation,  186  pounds.  On 
September  27  the  animal  was  losing  in  condition  and  its  respiration 
was  accelerated.  This  calf  became  gradually  weaker  until  November 
3,  1902,  when  it  was  killed  and  examined  postmortem. 


■ooglc 
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Autopsy:  The  pleurse  were  considerably  thickened  and  opaque; 
the  lungs  showed  numerous  very  minute  foci  of  disease,  and  the  same 
was  true  of  the  liver  and  kidneys.  The  mediastinal  glands  were 
enlai^ed,  congested,  and  had  the  appearance  of  beginning  tuber- 
culosis. 

Microscopic  examination:  Tjung — Most  of  the  air  spaces  in  the 
section  are  filled  with  desquamated  epithelial  cells  and  leucocytes; 
there  is  a  slight  general  increase  in  connective  tissue  throughout 
section;  no  areas  of  necrosis  were  found,  but  numerous  long,  well- 
stained,  beaded  tubercle  bacilli  were  visible.  Kidney — Rather 
severe  cloudy  swelling;  no  distinct  tubercles  found,  but  a  few  long 
faintly  stained  tubercle  bacilli  co\ild  be  seen.  Mediastinal  gland — 
A  number  of  ill-defined  areas  of  coagulation  necrosis  and  a  very  few 
long,  slender,  faintly  stained  tubercle  bacilli. 

Although  this  animal  was  made  quite  sick  by  the  intravenous 
injection  of  culture  F  L,  the  tuberculous  lesions  found  .at  the  autopsy 
were  not  progressive  in  character,  and  seemed  to  be  hardly  greater 
than  might  have  been  expected  from  the  mechanical  irritation  and 
the  toxic  action  of  the  bodies  of  the  injected  bacilli.  We  must 
consider  this  case,  therefore,  as  one  in  which  human  bacilli  failed 
to  produce  a  true  tuberculosis  in  cattle  after  intravenous  inoculation. 

Record  of  calf  No.  272. — About  8  months  old ;  weight,  244  pounds. 
September  10,  1902,  tested  with  tuberculin,  without  reaction.  Sep- 
tember 15,  1902,  injected  5  c.  c,  of  human  tubercle  culture  S  E 
No.  3  into  right  jugular  vein.  As  a  result  of  this  inoculation  the 
animal  exhibited  considerable  disturbance  of  respiration,  but  did 
not  lose  very  much  in  condition. 

On  December  8,  1902,  the  calf  appeared  to  be  again  in  a  perfect 
state  of  health,  and  having  remained  well,  it  was  inoculated  subcu- 
taneously  in  front  of  right  shoulder  with  5  c.  c.  of  a  suspension  of 
bovine  tubercle  culture  III  on  January  24,  1903.  This  inoculation 
of  bovine  culture  produced  an  extensive  local  swelling  which,  in 
course  of  time,  softened  and  discharged  a  thick,  creamy  pus;  the 
general  condition  of  the  animal,  however,  remained  good.  On 
November  6,  1903,  this  calf  was  killed  and  examined  postmortem. 

Autopsy:  The  lungs  contained  a  number  (50  to  75)  of  small 
nodules,  which  varied  in  size  from  1  to  5  mm.  These  nodules  had 
a  pearl-gray  glistening  appearance,  and  in  a  few  instances  were 
surrounded  by  a  zone  of  congestion.  The  epicardium  showed  a 
little  roughening  along  the  groove  between  the  two  ventricles.  At 
the  seat  of  the  inoculation  with  the  bovine  culture  the  subcutaneous 
tissues  were  greatly  indurated  and  sprinkled  with  several  tubercular 
nodules,  which  contained  a  soft,  creamy  pus.  The  lymph  gland 
near  this  point  was  greatly  enlai^ed,  but  showed  only  one  nodule 
of  tuberculosis,  about  IJ  cm.  in  diameter,  which  contained  thick, 
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creamy  pus.  Guinea  pi^  inoculated  with  fragment.^  of  a  minute 
nodule  in  the  lung  did  not  contract  tuherculosis. 

It  is  difHcuH  to  say  positively  whether  the  pulmonary  nodules 
were  referable  to  the  intravenous  inoculation  with  human  culture 
S  E  No.  3  or  whether  they  were  caused  by  the  later  subcutaneous 
inoculation  witli  bovine  culture  III.  It  seems  probable,  however, 
in  view  of  the  fact  that  the  bovine  virus  did  not  affect  the  deeper 
lymph  glands,  that  the  nodules  in  the  lungs  were  caused  by  the 
injection  of  the  human  tubercle  culture.  This  pulmonary  disease 
was,  however,  not  progressive;  the  pathological  changes  were  very 
slight,  and  apparently  did  not  interfere  with  the  health  of  the  animal, 
notwithstanding  the  fact  that  fourteen  months  had  elapsed  between 
the  date  oi  inoculation  and  the  autopsy.  On  this  account  we  are 
inclined  to  consider  this  inoculation  negative  in  so  far  as  the  pro- 
duction of  tuberculosis  by  culture  S  E  No.  3  is  concerned. 

Record  of  calf  No.  271 . — Age,  about  8  months;  weight,  2261  pounds. 
September  10,  1902,  tested  with  tuberculin  without  reaction,  Sep- 
tember 16,  1902,  injected  5  c.  c.  of  human  tubercle  culture  G  D 
into  right  jugular  vein.  This  animal  began  to  show  symptoms 
■  of  a  respiratory  disturbance  on  September  27.  This  continued 
for  some  time  without  very  great  effect  upon  the  general  health  of 
the  calf.  On  November  4  a  rather  severe  conjunctivitis  was  noted. 
This  was  accompanied  by  a  profuse  serous  discharge  from  the  eyes. 
This  inflammation  did  not  improve,  but,  on  the  contrary,  became 
continually  worse.  In  addition,  the  animal  suffered  from  a  severe 
diarrhea,  which  began  on  November  6  and  continued  until  its  death. 
On  November  26  the  calf,  being  in  a  helpless  condition,  was  killed. 

Autopsy:  No  gross  lesions  were  found,  with  the  exception  that 
the  mediastinal  glands  contained  several  necrotic  foci,  the  eyeballs 
were  coated  with  a  semiopaque  membrane,  and  the  mucosa  of  the 
fourth  stomach  was  sprinkled  with  many  elevations.  These  eleva- 
tions were  from  one-eighth  to  three-sixteenths  inch  in  diameter, 
and  had  depressed  centers.  Liver,  spleen,  and  kidney  normal. 
Lung  mottled;  some  areas  ot  consolidation.  Mediastinal  glands, 
rough  and  nodular.  Fourth  stomach — The  mucous  surfaces  show 
some  very  small  white  ulcers,  and  attached  to  the  peritoneal  surface 
are  a  few  nodides  the  size  of  a  pea. 

Microscopic  examination:  Lung — Numerous  slender,  beaded  tuber- 
cle bacilli  were  found  in  smear  preparations  from  this  organ.  In  the 
nodules  on  peritoneal  surface  of  fourth  stomach  a  moderate  number 
of  long,  slender,  beaded  tubercle  bacilli  were  found.  In  smear  prepa- 
rations from  a  small  ulcer  on  mucous  surface  of  fourth  stomach  a 
few  slender,  beaded  bacilli  were  found. 

In  the  absence  of  intestinal  lesions  of  tuberculosis,  the  severe 
diarrhea  from  which  this  animal  suffered  can  hardly  be  ascribed  to 
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that  cause,  and  as  the  poor  condition  of  the  animal  was  evidently  due 
directly  to  the  diarrhea,  it  must  be  granted  that  death  was  not  due  to 
the  inoculation  with  the  human  tubei'cle  bacillus.  It  is  of  interest  to 
note,  however,  that  two  months  after  the  inoculation  macroscopic 
lesions  of  tuberculosis,  together  with  tubercle  bacilli,  were  present  in 
the  lung  and  on  both  the  serous  and  mucous  surfaces  of  the  fourth 
stomach.  On  the  mucous  surface  of  the  fourth  stomach  there  was 
some  destruction  of  tissue. . 

Becordof  calf  No.  £89. — About  six  months  old.  October  U,  1902, 
tested  with  tuberculin  without  reaction.  October  14,  1902,  inocu- 
lated intravenously  with  5  c,  c.  of  human  tubercle  culture  12124. 

The  history  of  this  calf  is  quite  similar  to  that  of  calf  No.  271 .  The 
inoculation  with  tubercle  bacilli  produced  an  accelerated  respiration 
after  a  time,  but  the  health  of  the  animal  did  not  seem  to  be  seriously 
impaired  until  December  20,  when  an  inflammation  of  the  eyes  was 
noted.  This  afFection  of  the  eyes  became  gradually  worse,  and  was 
accompanied  by  a  severe  diarrhea,  the  animal  losing  continually  in 
condition.  On  February  12,  1903,  it  was  killed.  At  the  autopsy  the 
lungs  were  found  to  be  sprinkled  with  a  considerable  number  of  small 
tumors,  probably  due  to  the  action  of  tubercle  bacilli.  This  case 
must  be  viewed  as  another  failure  to  produce  a  pr(^;re3sive  tubercu- 
losis in  calves  by  the  intravenous  injection  of  human  tubercle  baciUi, 
although  localized  changes  were  produced  in  the  lungs. 

Record  of  calf  No.  273. — About  8  months  old;  weight  240  pounds. 
September  10,  1902,  tested  with  tuberculin  without  reaction.  Sep- 
tember 15,  1902,  injected  5  c.  c.  of  a  suspension  of  human  tubercle 
culture  C  No.  1  into  right  jugular  vein.  Tlie  animal  exhibited  no  ill 
effects  as  a  result  of  the  injection. 

On  January  24,  1903,  it  was  injected  subcutaneously  in  front  of 
right  shoulder  with  5  c.  c.  of  a  suspension  of  bovine  tubercle  culture  III. 
This  injection  produced  quite  a  large  local  swelling  after  a  time,  and 
the  adjacent  prescapular  gland  became  considerably  enlarged;  the 
general  condition  of  the  animal  remained  good.  On  May  18  the  local 
swelling  had  diminished  and  the  prescapular  gland  h^d  returned  to  its 
normal  size.  The  general  condition  of  the  animal  remained  good, 
although  the  tumor  at  the  seat  of  injection  persisted  until  October  24, 
1903,  when  the  calf  was  tested  with  tuberculin  and  a  reaction  obtained. 
The  animal  was  killed  on  November  13,  1903,  and  examined  post- 
mortem. 

Autopsy:  General  condition  good.  A  tumor  about  2  inches  long 
and  1  inch  thick,  consisting  ot  a  thin  wall  inclosing  a  mass  of  thick, 
soft  pus  was  found  at  the  seat  of  injection  on  the  right  side.  The 
gland  adjacent  to  the  injection  tumor  is  greatly  enlarged  and  contains 
several  tubercles  5  mm.  in  diameter.  Other  superficial  glands  are 
normal.    Lung — Mediastinal  glands  are  considerably  enlarged,  but 
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free  from  disease;  sprinkled  over  the  pleura  of  the  lung  are  numerous 
tubercles  from  1  mm.  to  5  cm.  in  diameter;  a  few  small  tubercles  in 
the  lung  tissue  proper;  the  number  of  tubercles  on  the  costal  pleur& 
and  on  both  sides  of  the  diaphragm.  Liver— Several  tubercul&r 
masses  on  the  surface  of  the  liver  from  1  to  3  cm.  in  diameter.  Other 
organs  normal. 

Owing  to  the  absence  of  any  symptoms  of  illness  following  the 
inoculation  with  the  human  culture,  the  lesions  found  at  the  autopsy 
must  be  attributed,  at  least  in  great  part,  to  the  action  of  the  bovine 
bacilli.  This  calf  did  not,  therefore,  acquire  immunity  from  the  bovine 
bacillus  as  a  result  of  the  previous  intravenous  injection  with  the 
human  culture. 

Record  of  calf  No.  iJfl^. — Age  about  5  months.  Tested  with  tuber- 
culin, but  did  not  react.  August  ft,  1902,  injected  SJ  c.  c.  of  a  suspen- 
sion of  human  tubercle  culture  E  T  into  jugular  vein.  No  symp- 
toms of  illness  were  noted  until  August  19,  when  the  respiration  was 
accelerated  and  the  temperature  high.  From  this  date  until  the  day 
of  its  death  the  animal  became  rapidly  worse.  There  was  loss  of 
appetite,  listlessness,  emaciation,  and  an  uncertain  gait.  The  respira- 
tion was  short  and  jerky,  with  au  occasional  cough.  On  August  29, 
1902,  twenty  days  after  injection,  the  calf  died  and  was  examined 
postmortem. 

Autopsy:  Animal  greatly  emaciated.  Mediastinal  glands  greatly 
enlai^ed,  edematous,  and  congested.  Lung  intensely  congested ;  the 
anterior  lobes  are  in  astate  of  collapse,  and  show  numerous  hemorrhages 
under  the  pleura;  sprinkled  over  the  surface  are  numerous  minute 
necrotic  areas;  on  section  the  lung  ha.s  a  finely  granular  appearance, 
apparently  a  miliary  tuberculosis  of  the  entire  oigan;  bronchial  tubes 
show  some  slight  congestion,  and  the  smaller  tubes  contain  a  small 
amountof  viscid  mucus.  Liver — Greatly  swollen, edges  rounded;  the 
centers  of  the  lobules  apjiear  as  pale,  yellowish  gray  points  of  irregular 
outline.  Portal  lymi)h  glands  pale  but  very  edematous.  Spleen^ — 
Enlarged  and  softened;  trabecular  and  Malpighian  corpuscles  dis- 
tinct. Kidneys — Redder  than  usual,  and  show  a  sprinkling  ot  whit« 
areas,  few  in  number.  Mesenteric  glands  edematous  and  congested. 
The  glands  at  the  brim  of  pelvis  and  just  inside  of  the  anterior  portion 
of  thorax  are  apparently  normal.     Throat  glands  edematous. 

Microscopic  examination :  Lung^The  lung  tissue  examined  in  sec- 
tion was  infiltrated  with  cells,  and  there  were  a  number  of  miliary 
tubercles  scattered  throughout  it,  all  of  which  contained  numer- 
ous tubercle  bacilli.  Liver — No  distinct  tubercle  formation  was 
obsei-ved,  but  a  number  of  well-stained  tubercle  bacilli  were  seen  in 
various  portions  of  the  section,  usually  in  small  clumps.  The  liver 
showed  rather  extensive  fatty  cliangcs.  Kidneys-  ■  Marked  parenchy- 
matous d^eneration;  no  tubercle  formation,  though  a  few  tubercle 
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bacilli  were  found  in  smears.  Spleen — No  sharply  defined  tubercles 
were  seen,  although  there  were  some  ratlier  large  areas  of  ruagiilation 
necrosis  in  which  were  found  some  giant  cells  and  a  large  number  of 
tubercle  bacilli.  Mediastinal  gland;  a  very  large  number  of  well- 
stained  tubercle  bacilli  were  seen  throughout  the  section;  in  some 
places  there  was  a  beginning  necrosis  of  the  cellular  tissue  and  here 
the  tubercle  bacilli  were  especially  abundant.  Mesenteric  gland — 
The  portions  seen  in  section  were  apparently  normal,  although  a  very 
few  tubercle  bacilli  were  found  in  smears  from  this  gland.  A  guinea 
pig  inoculated  with  a  bit  of  lung  tissue  from  calf  No.  264  died  of 
generalized  tuberculosis. 

There  can  be  no  doubt  as  to  the  result  of  this  experiment.  The 
human  culture  used  for  intravenous  injection  produced  a  severe  gen- 
eralized tuberculosis  and  was  evidently  directly  responsible  for  the 
death  of  the  calf.  It  is  instructive  to  compare  this  autopsy  with 
that  of  calf  No.  260,  inoculated  with  bovine  III  culture. 

Record  of  calf  No.  266. — Age,  about  5  months.  Tested  with  tuber- 
culin before  inoculation  without  reaction.  August  9,  1902,  injected 
5i  c.  c.  of  a  suspension  of  human  tubercle  culture  D  T  into  right 
jugular  vein.  Began  to  lose  in  condition  on  Angust  22, 1902, but  did 
not  seem  to  be  seriously  ill  until  August  30,  when  the  respiration  had 
become  very  much  accelerated  and  the  animal  appeared  to  be  failing 
rapidly.  The  respiration  became  more  rapid  and  labored  and  the 
emaciation  and  weakness  gradually  more  marked.  The  calf  was 
found  dead  September  8,  1902,  thirty  days  after  injection. 

Autopsy:  Limg  very  much  congested  and  edematous;  on  section 
showed  evidences  of  extensive  broncho-pneumonia;  other  organs  in 
very  much  the  same  condition  as  described  for  calf  No.  264. 

Microscopic  examination:  Lung- -Large  areas  are  solidified;  a 
few  tubercle  ba^^illi  were  found  in  smears.  Liver  has  undergone 
extensive  degenerative  changes;  no  tubercle  bacilli  could  be  found, 
but  great  numbers  of  a  large  bacillus  which  did  not  stain  by  Gab- 
bett's  method  were  found  in  the  blood  vessels.  Spleen-  No  tul>ercle 
bacilli  could  be  found,  but  there  were  enormous  numbers  of  bacilli  of 
the  kind  found  in  liver.  Kidney—  No  tubercle  bacilli  could  be  found ; 
the  sections  showed  extensive  cloudy  swelling  and  the  blood  vessels 
were  filled  with  the  same  large  organism  which  was  found  in  Uver 
and  spleen.  Mediastinal  gland—  Smears  showed  fairly  numerous 
tubercle  baciUi  and  in  the  section  many  of  the  large  bacilli  previously 
mentioned  were  seen.  A  guinea  pig  inoculated  subcutaneously  with 
a  bit  of  lung  from  calf  No.  265  died  of  generalized  tuberculosis. 

Although  at  the  autopsy  the  lesions  gave  every  indication  that  the 
animal  died  of  a  severe  generalized  tuberculosis  <^uite  similar  to  the 
disease  to  which  calf  No.  264  succumbed,  we  are  led  to  doubt  this  as  a 
result  of  the  microscopic  examination.     No  tubercle  bacilli  could  be 
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found  in  any  of  the  oi^ans  with  the  exception  of  the  lungs  and  medi- 
astinal ^land.  In  addition,  the  kidneys,  spleen,  and  liver  eontaineil 
enormous  numbers  of  an  unidentified  bacillus  which  was  not  acid 
fast.  Under  these  eircuiiistanocs  the  probability  of  a  secondary 
infection  seems  very  great,  and  the  tuberculosis  injection  can  not  be 
considered  as  having  produced,  unaided,  the  lesions  found  at  the 
autopsy.  Unfortunately,  this  secondary  infection  was  not  suspected 
until  the  sections  were  examined,  and  we  were  therefore  unable  to 
study  cultures  of  the  organism  associated  with  it. 

Record  of  calj  No.  27If.^About  7  months  old;  weight,  230  poiuda. 
Tested  with  tuberculin  prior  to  inoculation  and  did  not  react.  On 
September  15,  1902,  5  c.  c.  of  a  suspension  of  human  tubercle  culture 
C  No.  4  was  injected  into  right  jugular  vein.  The  calf  remained 
well  until  September  24,  1902,  when  its  respiration  was  act^elerated. 
Beginning  on  this  date  it  lost  rapidly  in  condition,  became  emaci- 
ated, lost  appetite,  and  respiration  became  labored.  On  October  2, 
1902,  the  animal  died  and  was  examined  postmortem. 

Autopsy;  Animal  greatly  emaciated;  the  pulmonary  pleura  was 
roughened  and  some  portions  presented  small  circular  elevations  the 
size  of  a  pinhead.  The  lung  tissue  had  a  granular  appearance  on 
section;  the  dependent  portions  of  the  anterior  lobes  were  consid- 
erably congested.  Liver  and  kidneys  congested.  Some  of  the 
mediastinal  glands  congested. 

Microscopic  examination:  Lung — Sections  show  a  great  uninber 
of  miliary  tubercles,  all  of  which  contain  large  numbers  of  tubercle 
bacilli.  Liver^Many  of  the  liver  cells  are  undergoing  a  fatty  degen- 
eration; they  are  granular,  and  many  have  lost  their  nuclei;  no  dis- 
tinct tubercles  were  found,  although  &  number  of  clumps  of  tubercle 
bacilli,  as  well  as  scattered  separate  tubercle  bacilli,  well  stained, 
were  distributed  throughout  the  organ.  Spleen — Section  shows  a 
number  of  irregular  areas  of  necrosis  which  contain  large  well-stained 
tubercle  bacilli.  Mediastinal  gland  -Some  necrotic  foci,  which  con- 
tain many  large  tubercle  bacilli.  Two  guinea  pigs  inoculated,  respec- 
tively, with  bits  of  lung  and  spleen  died  of  generalized  tuberculosis. 

From  the  foregoing  record  it  is  apparent  that  calf  No.  274  died  of  a 
generalized  tuberculosis  which  was  brought  about  by  the  intravenous 
injection  of  human  culture  C  No.  4.  The  result  in  this  case  may 
also  be  instructively  compared  with  the  results  obtained  in  calves 
Nos.  260  and  264. 

Record  of  calf  No.  260. — Age,  5  months.  Tested  with  tuberculin 
without  reaction.  July  19,  1902,  20  c.  c.  of  a  suspension  in  beef 
broth  of  bovine  culture  III  was  injected  into  the  jugular  vein. 
On  July  30  the  animal  was  spiritless,  the  appetite  poor,  and  respira- 
tion accelerated.  Beginning  on  this  date  the  calf  lost  rapidly  in  con- 
dition, the  respiratory  disturbance  became  more  marked,  and  the 
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appetite  was  lost  completely.  The  animal  was  found  dead  on  the 
morning  of  August  6,  1902. 

Autopsy :  Postmortem  deoomposition  had  progreased  so  far  that 
it  was  difficult  to  make  a  satisfactory  examination.  Lung8  almost 
completely  Bolidifipd;  on  section  they  had  a  granular  appearance. 
Liver  had  undergone  considerable  postmortem  changes,  but  did 
□ot  appear  to  be  diseased.  Spleen,  kidneys,  and  lymph  glands, 
with  the  exception  of  the  mediastinal,  appeared  to  be  free  from 
disease. 

Microscopic  examination:  Lung — Smear  preparations  from  this 
organ  showed  very  many  tubercle  bacilli.  The  mediastinal  gland 
also  exhibited  in  smear  preparations  a  considerable  number  of 
tubercle  bacilli.  Sections  from  the  kindey  showed  neither  tubercle 
formation  nor  tubercle  bacilli,  but  considerable  parenchymatous 
nephritis  was  present. 
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Record  of  calf  No.  .250.— About  one  year  old;  tested  with  tuber- 
culin without  reaction.  April  12,  1902,  a  piece  of  tuberculous 
human   lung  tissue  having  a  volume  of  one-half  cubic  inch  was 
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introduced  beneath  the  skin,  back  of  left  shoulder  of  this  calf;  a 
piece  of  thickened  tuberculous  intestine  having  a  volume  of  about 
one-half  cubic  inch  was  introduced  in  like  manner  back  of  right 
shoulder.  The  diseased  lut^  and  intestine  were  derived  from  the 
same  cose  of  tuberculosis  from  which  culture  C  No.  4  was  obtained. 
On  May  14,  1902,  there  was  no  lesion  on  the  right  side  at  seat 
of  inoculation,  but  on  the  left  there  was  a  tumor  about  3  by  'S 
inches  in  area.  It  had  a  soft  center  and  had  been  discharging. 
The  general  condition  of  the  animal  was  poor.  As  the  animal  did 
not  improve,  it  was  tested  with  tuberculin  on  June  19, 1902,  and  gave 
a  good  reaction.  On  September  10,  1902,  it  again  gave  a  partial 
reaction  to  tuberculin.  On  October  1,  1902,  the  calf  was  killed 
and  examined  postmortem. 

Autopsy:  At  seat  of  inoculation  on  left  side  there  was  a  group 
of  small  abscesses  in  the  skin;  at  seat  of  inoculation  on  right 
side  a  small  subcutaneous  tumor  with  walla  of  connective  tissue 
streaked  with  hemorrhagic  lines.  The  contents  of  the  tumor  con- 
sisted of  broken-down  necrotic  material.  The  superficial  glands 
in  front  and  back  of  shoulders  and  in  the  flank  contained  numerous 
necrotic  foci;  on  the  pleune  of  the  lung  and  chest  wall  were  numer- 
ous pale-red  excrescences,  particularly  plentiful  on  the  right  side, 
in  the  dorsal  region,  and  on  the  posterior  border  of  the  principal 
lobe.  Similar  growths  were  attached  to  the  diaphragm;  these 
growths  extended  about  one-fourth  to  one-third  of  an  inch  above 
the  surface  of  the  diaphragm  and  appeared  as  isolated,  almost 
circular,  elevations  about  one-half  inch  in  diameter,  or  fks  patches 
made  up  of  numerous  similar  growths  which  had  coalesced  and 
which  varied  from  one  to  four  inches  in  diameter.  No  lesions  were 
found  in  the  lung  tissue  or  in  the  mediastinal  glands. 

Microscopic  examination:  Flank  gland — Caseous  material  from 
this  gland,  in  which  was  a  considerable  amount  of  lime  salts,  contained 
large  numbers  of  tubercle  bacilli.  Shoulder  gland — This  gland, 
which  had  a  caseous  center  containing  a  considerable  amount  of 
lime  salts,  also  exhibited  many  tubercle  bacilli  in  cover-glasa  prepa- 
rations. Pulmonary  excrescences — The  section  showed  a  largt 
amount  of  newly  formed  connective  tissue,  many  lymphoid  cells, 
and  many  small  blood  vessels;  there  was  no  evidence  of  necrotic 
change;  a  not  inconsiderable  number  of  tubercle  bacilh  were  found. 

Desceiption  of  Plate  XVI. 
Sections  showing  diatribution  of  tubercle  bacilli  in  organs  of  calf  286,  inoculated  sub- 
cutaneouslj  with  C  No.  4,  human  culture.    Stoned  with  hematoxjiin  and  carbol-fuclism. 
Magnified  1,450  dismetrrs. 
Fig.  1. — Section  rf  lung. 
Fig.  2. — Section  of  spleen. 
Drawing  by  W.  S.  D.  Haines.  . 
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Di&phrsgmatic  excrescence— The  appearance  was  very  similar  to 
that  of  the  pulmonary  excrescences,  except  that  the  process  was 
not  so  far  advanced,  there  being  a  less  amount  of  fibrous  tissue  and 
more  of  the  cellular  elements;  a  few  giant  cells  and  a  very  few 
tubercle  bacilli  could  be  seen  in  different  parts  of  the  sections. 
Guinea  pigs  inoculated,  respectively,  with  bits  of  the  Hank  gland, 
pulmonary  excrescence,  and  diaphragmatic  excrescence  all  died  of 
generalized  tuberculosis. 

By  this  inoculation  we  have  produced  a  tuberculosis  which  though 
not  fatal,  was  distinctly  progressive  in  character  and  we  therefore 
consider  this  case  as  one  in  which  we  have  successfully  infected  a 
calf  with  human  tuberculosis.  Comparison  between  tlie  record  of 
this  calf  and  the  records  of  calves  Nos.  286  and  274  shows  the  differ- 
ence between  the  result  of  inoculation  with  tissues  on  the  one  hand 
and  pure  cultures  on  the  other. 

Record  of  calf  No.  286. — About  6  months  old.  Tested  with 
tuberculin  before  inoculation;  did  not  react.  On  October  13,  1902,' 
this  animal  was  injected  subcutaneously  on  the  right  side  of  neck, 
directly  in  front  of  shoulder,  with  5  c.  c.  of  a  suspension  of  human 
tubercle  culture  C  No.  4.  On  October  23,  1902,  this  calf  had  a 
swelling  about  3  by  3  inches  in  area  at  seat  of  injection,  and  the 
adjacent  prescapular  gland  was  much  eidarged.  On  October  27, 
1902,  the  sweUing  persisted  and  the  animal  was  evidently  losing 
in  condition.  Appetite  became  very  poor  and  the  weakness  grad- 
ually more  pronounced.  There  seemed  to  be  no  disturbance  of 
respiration  during  the  early  part  of  its  illness,  but  on  November  14, 
1902,  the  breathing  was  labored.  On  this  date  the  calf  was  unable 
to  stand  alone  and  in  a  dying  condition,  and  was  killed  and  exam- 
ined postmortem. 

Autopsy:  The  animal  was  extremely  emaciated;  at  seat  of  injec- 
tion the  skin  was  indurated  over  an  area  about  4  inches  square; 
under  this  induration  the  gland  in  front  of  shoulder  was  4  by  3 
inches  in  size.  Axillary  gland  on  side  of  injection  was  normal; 
flank  gland  on  same  side  was  normal.  Lungs — The  entire  lungs 
with  the  exception  of  the  dorsal  portions  of  the  principal  lobes 
were  intensely  reddened  and  sprinkled  throughout  with  minute 
tubercles.  Liver  Dormal  in  color,  and  sprinkled  with  numerous 
small  necrotic  areas,  apparently  tuberculous  in  character,  varying 
in  size  ^m  mere  points  to  one-eighth  inch  in  diameter.  Spleen 
enlai^ed  and  filled  with  small,  round,  firm,  white  nodules,  the  size 
of  squirrel  shot,  which  are  easily  jiicked  out  of  organ.  Sprinkled 
over  the  omentum  were  a  number  of  small  pearl-gray  nodules  with 
reddbh  centers,  probably  tubercles.  Glandular  system — Prescap- 
ular gland  (immediately  beneath  point  of  injection)  greatly  enlarged; 
nodular   but   not  caseous;  entire   gland   quite   firm.     Pharyngeal 
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glands  considerably  enlarged;  a  number  of  small,  firm,  yellowish 
Dodules  in  the  body  of  the  gland.  Mediastinal  glands  considerably 
enlarged;  the  surface  was  rough;  there  were  no  caseous  areas. 
Fubic  glands  about  normal  in  size,  but  contained  one  or  two  small 
areas  that  looked  suspiciously  Uke  tuberculous  foci.  Mesenteric 
glands  apparently  slightly  enlat^ed.  Shoulder  gland  normal  in  size 
end  appearance.  Flank  gland  normal.  (See  Pis,  XIII,  XIV,  XV, 
and  XVI.) 

Microscopic  examination :  Lung — A  number  of  well-defined  miliary 
tubercles  were  visible  in  the  sections.  The  central  portion  of  most 
of  the  tubercles  had  undergone  a  coagulation  necrosis  and  they 
were  in  some  instances  homogeneous  and  structureless  and  in  others 
consisted  of  a  mass  of  nuclear  fragments  which  stained  with  hema- 
toxylin; all  of  the  tubercles  contained  a  considerable  number  of 
rather  large  tubercle  bacilli.  Liver — Several  large  tubercles  were 
found  in  the  sections;  the  central  portions  of  them  were  necrotic 
and  they  contained  a  number  of  well-stained  tubercle  bacilU.  Spleen — 
This  organ  contained  a  number  of  rather  large,  well-defined  tubercles, 
most  of  which  had  necrotic  centers  and  contained  a  number  of  tuber- 
cle bacilli,  well  stained,  rather  long,  many  of  them  beaded.  Kid- 
ney— A  smear  from  one  of  the  tubercles  showed  quite  numerous 
tubercle  bacilli.  Prescapular  gland — Large  areas  of  coagulation 
necrosis,  not  sharply  defined;  many  well-stained  tubercle  baciUi 
were  scattered  throughout  the  tissue,  more  numerous  in  some 
places  than  others.  Gland  just  inside  thorax — Some  large  areas  of 
necrosis  and  many  well-stained  tubercle  bacilli  were  found.  Pha- 
ryngeal gland — A  few  lai^e,  poorly  defined  areas  which  were  under- 
going degenerative  changes;  a  considerable  number  of  well-stained 
tubercle  bacilli  could  be  seen  in  the  affected  portions  of  the  tissue. 
Shoulder  gland — No  tuberculosis.  Flank  gland — No  tuberculosis. 
Mediastinal  gland — Many  tubercle  bacilli  found.  Intestines— No 
tuberculosis.  Suprarenal  body — No  tuberculosis.  Pubic  gland — 
Tubercle  bacilli  fairly  numerous. 

From  the  record  of  this  experiment  it  will  be  seen  that  we  have 
in  this  instance  a  generalized  tuberculosis  in  a  calf  produced  by 
subcutaneous  injection  of  a  culture  of  human  tuberculosis.  This 
record  should  be  carefully  compared  with  that  of  calf  No.  284,  which 
was  injected  subcutaneously  with  a  culture  of  bovine  origin. 

Record  of  heifer  calf  No.  ^5S. ^October  2,  1902;  a  small  animal 
in  fairly  good  condition,  about  6  months  old.  October  11,  1902, 
tested  with  tuberculin  without  reaction.  Injected  October  13  sub- 
cutaneously on  the  right  side  of  neck  directly  in  front  of  shoulder 
with  5  c.  c.  of  a  suspension  of  human  tubercle  culture  E  T.  Tliis 
animal  developed  an  extensive  swelling  4  by  5  inches  in  diameter 
at  the  seat  of  injection.    There  was,  however,  very  little  evidence 
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of  general  illness.  On  December  19,  1902,  it  was  killed  and  exam- 
ined postmortem. 

Autopsy:  A  tumor  5  by  3  inches  at  seat  of  injection;  the  ocntral 
portion  of  this  tumor  was  entirely  broken  down  and  filled  with  a  thin, 
partly  cloudy,  serous  fluid;  the  walls  of  the  cavity  were  quite  thick 
and  the  inner  portion  was  necrotic.  Prescapular  gland-  About  nor- 
mal in  size;  upon  section  several  yellowish  nodules  were  found. 
Mediastinal  glands — Enlai^d;  upon  section  areas  of  necrosis  which 
contained  a  considerable  amount  of  lime  salts  were  seen  in  cortical 
portion.  Lungs — A  large  number  of  round,  grayish  nodules  varying 
from  3  to  8  mm.  in  diameter  were  sprinkled  over  all  the  lobes  of  both 
lungs;  these  nodules  were  hard  and  shot-like,  and  projected  slightly 
above  the  surface  of  the  lung;  upon  section  similar  nodules  were  seen 
tobescsttered  throughout  the  organ;  the  lung  tissue,  aside  from  these 
nodules,  showed  no  lesions.  Liver — The  color  of  the  main  body  of 
the  organ  was  normal;  there  were,  however,  scattered  over  its  entire 
surface  a  number  of  round,  sharply  defined,  slightly  elevated  white 
areas  which  varied  from  3  to  8  mm.  in  diameter;  upon  section  similar 
areas  were  seen  throughout  the  organ;  these  nodules  were  hard  and 
could  be  distinctly  felt  projecting  above  the  surface  of  the  liver. 
Spleen — Normal  in  size  and  general  appearance;  upon  section  a  few 
firm,  round,  whitish  areas  were  found,  closely  resembling  the  bodies 
found  in  spleen  of  calf  No.  286.  Kidney — Normal.  Intestines — 
Normal.  Mesenteric  glands — Normal  in  size,  but  upon  section  a  few 
yellowish  areas  containing  lime  salts  were  found.  (See  Pis.  XVII, 
XVIII,  and  XIX.) 

Microscopic  examination:  Lung — A  number  of  large  tubercles 
usually  having  a  distinct  surrounding  wall  of  connective  tissue, 
numerous  giant  cells  and  necrosis  of  the  center  of  the  tubercles  were 
seen;  a  very  few  tubercle  bacilli  were  found.  Liver-  Tissue  generally 
is  in  a  fair  condition;  found  two  rather  large  areas  of  circumscribed 
coagulation  necrosis,  one  of  which  contained  a  giant  cell;  no  tubercle 
bacilli  in  sections;  a  few  were  found  in  smear  preparations  from  this 
organ.  Spleen — Several  tubercles  in  one  section  and  in  one  a  giant 
cell;  no  tubercle  bacilli  in  the  section,  but  a  very  few  in  a  smear  prepa- 
ration. Kidney — Extensive  parenchymatous  nephritis  with  some 
increase  of  connective  tissue;  no  tubercles  and  no  tubercle  bacilli 
found.  Mesenteric  gland — Several  lai^  foci  of  necrosis  containing 
many  large  giant  cells  and  a  very  few  tubercle  bacilli.  Point  of  inocu- 
lation— A  few  tubercle  bacilli  were  noted  in  smear  preparations. 
Prescspular  gland — A  few  well-stained  tubercle  bacilli  were  found  in 
smear  preparations. 

It  is  evident  that  the  subcutaneous  inoculation  of  calf  No.  2S8  with 
human  tubercle  bacilli  brought  about  a  generolii^ed  tuberculosis  in  the 
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Record  of  calf  No.  285. — October,  1902,  red-and-brown  heifer  about 
13  months  old,  tested  with  tuberculin  without  reaction.  January 
24,  ld03,  injected  subcutaneously  in   front   of   right  shoulder  with 

5  c.  c.  of  a  suspension  of  human  tubercle  culture  E  T.  February  3, 
3,  1903,  had  a  lesion  at  seat  of  injection  which  was  continuous  with 
the  prescapular  gland.  The  latter  was  about  2  by  5  by  3  inches  in 
size.  The  general  condition  of  the  animal  was  fairly  good.  February 
13, 1903,  prescapular  gland  and  tumor  at  seat  of  injection  had  coa- 
lesced, fonning  a  hard  enlargement  about  4  by  9  by  3  inches  in  size; 
general  condition  poor.  February'  26,  1903,  tumor  at  seat  of  injec- 
tion and  nearest  prescapular  gland  have  a  combined  volume  of  about 

6  by  10  by  Z\  inches;  this  enlargement  is  verj'  hard;  general  condi- 
tion is  poor;  respiration  seems  to  be  normal.  April  28,  1903,  killed 
and  examined  postmortem. 

Autopsy:  Animal  in  fairly  good  condition,  not  fat;  at  seat  of 
injection  in  front  of  right  shoulder  the  lymph  gland  was  about  6  by  5 
by  4  inches  in  size  and  very  firm;  a  number  of  small  calcareous 
nodules  in  the  mediastinal  glands;  the  lungs  and  spleen  were  dotted 
here  and  there  with  small  tubercles. 

This  aninial  was  inoculated  as  a  control  on  calf  No.  288,  and,  as  will 
be  seen  from  the  record,  dcveluped  a  generalized  tuberculosis,  which 
was  not  so  severe,  however,  as  that  produced  in  calf  No.  288.  Calf 
No.  285  was  about  7  months  older  than  calf  No.  288. 

Record  of  calf  No.  .:?57.— About  6  months  old.  October  11,  1902, 
tested  with  tuberculin  without  reaction.  October  13,  1902,  injected 
subcutaneously  on  right  side  of  neck  directlj'  in  front  of  shoulder  with 
5  c.  c.  of  a  suspension  of  human  tubercle  culture  D  T.  On  October 
23, 1902,  this  animal  presented  a  large  swelling  at  the  point  of  injection, 
and  the  prescapular  gland  which  was  directly  beneath  this  point  was 
enlarged.  There  were  practically  no  symptoms  other  than  the  local 
lesions  as  a  result  of  the  injection.  On  December  19,  1902,  this  calf 
was  killed  and  examined  postmortem. 

Autopsy:  A  large  tumor  5  by  3  inches  at  seat  of  injection;  this 
tumor  was  hard,  the  central  portion  was  necrotic  but  not  softened. 
Prescapular  gland  about  3  by  H  inches;  the  cortical  portion  con- 
tained tuberculous  foci  with  considerable  deposits  of  lime  salts. 
Gland  just  inside  thorax;  about  the  size  of  a  walnut;  a  lai^  portion 

DEacRtPTtoN  OF  Plate  XIX. 

Keproduction  of  a  smear  and  a  section  from  tissues  of  calf  No.  288  inoculated  aubrutaoe' 
ously  with  human  culture  E  T.  indicating  the  distribution  of  bacilli.  Stained  wiUt  heina- 
toxjlin  and  carlxil-furhsin.     MHgnificd  1,450  dianietfrs. 

Fig.  I. — Smear  made  from  luug. 

Fig.  2.— St'clion  froni  a  iiii'scnteric  glaud. 

Drawing  by  W.  S.  D.  Haines. 
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of  the  glaod  waa  necrotic  and  contained  abundant  lime  salts.  This 
animal  was  otherwise  normal. 

Microscopic  examination:  At  point  of  injectiun  numerous  rather 
lai^,  well-stained  tubercle  bacilli  were  found.  Smear  ]>reparations 
from  prescapular  gland  contained  a  few  well-stained  tuberi'le  bacilli. 
Gland  just  inside  thorax  contained  a  very  few  tubercle  bacilli.     ■ 

It  is  evident  that  culture  D  T  is  distinctly  lower  in  pathogenic 
power  for  cattle  than  cither  culture  E  T  or  C  No,  4.  It  appeared, 
however,  to  be  possessed  of  nearly  if  not  quite  as  great  pethoerenic 
power  as  the  rather  feeble  bovine  III  culture,  and  after  »iubcutaneou3 
injection  succeeded  in  invading  the  lymph  glands  adjacent  to  the  seat 
of  injection. 

Record  of  calf  No.  221. — About  18  months  old;  gave  negative 
result  to  tuberculin  test.  Injected  subcutaneously  in  front  of  right 
shoulder  with  fij  c.  c.  of  a  dilute  suspension  of  human  culture  G  D 
September  23,  1902.  The  calf  showed  no  signs  of  illness  as  a  result  of 
the  inoculation.  Was  tested  with  tuberculin  in  June,  190.'1,  and  gave 
no  reaction.  In  November,  1903,  the  animal  being  in  excellent 
physical  condition,  was  exposed  to  natural  infection  with  bovine 
tuberculosis  by  being  placed  in  the  stall  with  tuberculous  cattle.  No 
symptoms  of  illness  resulted,  although  several  other  animals  placed 
under  similar  conditions  contracted  tuberculosis. 

The  calf  was  killed  August  17,  1904,  and  examined  postmnrtem. 
No  lesions  of  any  kind  were  found.  This  exjieriment  was  iherefore 
ei  tirely  negative  in  ao  far  as  the  injection  of  the  calf  with  human 
tuberculosis  is  concerned.  The  calf  evidently  [ws-sessed  considerable 
resisting  power  to  natural  infectit)n.  The  probability  of  this  immunity 
having  been  conferred  by  the  injection  of  culture  G  D  will  be  discussed 
in  Part  III  of  this  bulletin. 

Record  of  calj  No.  290.— About  6  months  old;  tested  with  IuIht- 
culin  without  reaction.  Injected  subcutaneously  in  front  of  right 
shoulder  on  October  14,  1902,  with  5  c.  c.  of  a  suspension  of  human 
culture  F  T.  No  marked  disturbance  of  the  health  of  the  animal 
as  a  result  of  the  inoculation  could  be  observed.  A  tumor  developed 
at  the  point  of  injection  and  persisted  until  June,  1903,  when  the 
animal  was  tested  with  tuberculin  and  gave  a  slight  reaction.  On 
July  23, 1903,  the  calf  was  killed.  The  only  tuberculous  lesions  which 
could  be  found  at  autopsy  were  situated  in  the  subcutaneous  tissues 
at  the  point  of  injection. 

Record  of  calf  No.  ;?5/.— About  6  months  old;  no  reaction  from 
tuberculin  test.  On  October  14,  1902,  injected  subcutaneously  in 
front  of  right  shoulder  with  5  c.  c.  of  a  suspension  made  from  human 
tubercle  culture  F  L.  The  record  of  this  animal  is  quite  similar  to 
that  of  calf  No.  290.  A  tumor  formed  at  the  point  of  inoculation,  but 
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the  health  of  the  calf  remained  good.  When  tested  with  tuberculin 
CD  June  30,  1903,  a  slight  reaction  was  obtained.  The  calf  was  killed 
ou  July  23  and  examined  postmortem.  The  only  lesions  found  were 
situated  in  the  subcutaneous  tissues  at  the  point  of  injection. 

Human  cultures  F  T  and  F  L  evidently  did  not  possess  sufficient 
pathogenic  power  to  cause  the  infection  of  these  two  calves  after  sub- 
cutaneous injection. 

Record  of  calf  No.  284- — Red-and-white  heifer  calf,  about  13  months 
old.  Tested  with  tubercuhn  December  13,  1902,  without  reaction. 
January  24,  1903,  injected  subnutaneously  in  front  of  right  shoulder 
with  5  c.  c.  of  a  suspension  of  Wvine  tubercle  culture  C  No.  81.  The 
injection  was  followed  by  the  usual  local  swelling  and  enlargement 
of  the  prescapular  gland.  The  animal  in  the  course  of  two  months 
failed  somewhat  in  general  condition,  the  respiration  became  slightly 
accelerated,  and  the  local  lesions  persisted.  On  April  10,  1903,  the 
general  condition  of  the  calf  was  poor  and  the  animal  was  killed  and 
examined  postmortem. 

Autopsy:  At  seat  of  injection  on  right  side  of  neck  there  was  an 
abscess  about  3  by  4J  by  2  inches  in  size;  below  the  abscess  the 
prescapular  gland  was  greatly  enlarged  and  very  firm.  Lungs  were 
sprinkled  throughout  with  tubercles,  which  were  more  numerous  in 
the  anterior  portions;  these  tubercles  presented  a  minute  pearl-gray 
center  surrounded  by  a  zone  of  pale-pink  edematous  tissue.  Liver 
contained  a  few  necrotic  foci,  which  were  visible  on  the  surface.  Medi- 
astinal glands  enlai^d.  Spleen  contained  tuberculous  foci.  Intes- 
tines contained  numerous  worm  nodules;  no  mesenteric  disease;  a 
few  tubercles,  beginning  peariy  disease,  on  the  omentum  over  paunch, 
and  a  few  small  tubercles  were  also  found  on  the  cost^  pleura.  (See 
Pis.  XXII  and  XXIIL) 

Microscopic  examination:  Lung — The  sections  presented  tubercles 
of  varying  size  which  contained  giant  cells  and  a  few  tubercle  bacilli. 
Spleen  showed  extensive  tubercle  formation  with  giant  cells  and 
scattered  tubercle  bacilli.  The  sections  from  the  liver  and  kidney 
showed  no  lesions. 

Record  of  calf  No.  22S. — Tested  with  tuberculin  without  reaction. 
Age  about  two  and  one-half  months.  On  November  2,  1901,  this 
animal  was  injected  subcutaneously  with  10  c.  c.  of  a  suspension  of 
bovine  culture  III  (Smith).  On  January  21,  1902,  and  April  18, 
1902,  reactions  after  tuberculin  injections  were  noted.  On  October  2, 
when  the  animal  was  killed,  its  general  condition  was  excellent.  At 
the  seat  of  injection  there  were  embedded  small  abscesses  containing 
a  soft,  cheesy  material.  The  shoulder  glands  on  the  side  of  infection, 
both  deep  and  superficial,  were  enlarged  and  sprinkled  with  necrotic 
foci.  The  mediastinal  glands  contained  numerous  necrotic  foci.  No 
other  lesions  of  any  kind  were  present. 
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This  animal  showed,  thereforp,  aft^r  eleven  months,  very  iiiueh  leas 
evidence  of  tuberculosis  than  was  found  after  six  weeks  in  ealvea 
which  received  sulwutaneous  injeetiona  of  materia]  from  tut>ercle 
cultures  isolated  from  children. 

Tabus  V.—SabeutaiifiiHt  itianlatiimt  o]  caliv*. 
M.l.flJu«..        ;    D«..       "SSi"     .nK!.      iJXSL.  K-ult„ll.,„l.l,„». 


1    pine 

Calf  No 

lungBKcllDtntliw. 

l>tMCh. 

Uuraui  culture  C  No.  4. 

» 

Call  No 

Huo«oeuliur.ET.,. 

fi 

ClINo 

Do 

8 

eta  So 

Humui culture  DT... 

fi 

Cal.No 

lIunMneultureGD... 

8i 

call  No 

Hunuu culture  FT... 

6 

CilfNo 

Uumui  culture  F  L... 

5 

CslfNo 

RoTliw  culture  III.... 

10 

Calf  No 

.-<.  lan  ,  KiOta  Nov.  a.  l«a,  when  In 
dying  pondl  Hon. 

;  Klltpd  Dec.  18,  l«a.  In  lair 


,Z2I/.  Wnioii..    eppl.Z 


nz,  enndi- 


,  Killed  Oct.;,  lsa2,<nndlUon 
KIIM  Oct.fl,  IHCcoDdltloii 


Thslollowliigloolaolei  show  the  condition  of  the  calvw  aTlcr  death: 

"  Tobenniloale  of  guperSclal  lymph  glandi.  and  ol  thr  pulmonary  and  dlaphragmaltc  plaurs. 
^Tbe  autopay  dlscloacd  a  Kven  generatlE^td  tuhenmloels. 
^  Autopsy  rerealed  lesions  of  a  generallied  tubcrculnslii, 
''  OenenUEed  tuberculosis.    Not  ho  eitenslve  as  In  utw  ol  call  No.^Mt. 
<  Glands  adjaoent  to  point  of  Inoculation  wem  tubercnloua. 
/  Animal  tasted  wltti  tubeicuUn  June  30, 1803,  and  did  not  react. 
I  No  kaloiis  except  abscess  at  point  of  Inoculation. 

*  Abtcessea  at  point  ol  Inoculation.    Shoulder  glands  on  same  aide  and  medlastlDal  glands  tubercu- 
lous.   No  other  lesions. 
'  Tuberculosis  ol  lungs,  spleen,  mediastinal,  axillary  and  ulioulder  glands. 
I  OeoeraJlied  tuherculosla. 

Record  of  calf  No.  226. — About  1  month  old.  Given  tuberculin 
test  without  reaction.  November  2,  1901,  injected  subcutaneously 
back  of  left  shoulder  with  tuberculous  tissue  from  monkey  No,  1, 
which  died  as  a  result  of  inoculation  with  bovine  III  culture.  The 
calf  was  tested  with  tuberciilin  on  the  following  dates,  each  time  giv- 
ing a  good  reaction— January  21 ,  February  27,  April  18,  and  June  26, 
1902.    Killed  October  6,  1902,  and  examined  postmortem. 
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Autopsy:  At  seat  of  injection  a  group  of  minute  necrotic  foci  sur- 
rounded by  thick  connective  tissup  walls,  the  usual  injection  lesion  pro- 
duced by  bovine  tubercle  germs.  There  were  numerous  niinute  foci 
of  tuberculosis  in  the  mediastinal  glands;  entire  lung  sprinkled  with 
small  tuberculous  foci;  the  shoulder  and  axillary  glands  were  tuber- 
culous; numerous  nodules  of  disease  in  the  spleen;  other  organs  and 
glands  n(»t  affected.  Two  guinea  pigs  inoculated  subcutaneously 
with  a  diseased  fragment  from  the  spleen  of  this  calf  died  of  general- 
ized tuberculosis. 

The  widespread  lesions  found  in  this  calf  would  seem  to  indi- 
cate an  increase  in  the  virulence  of  bovine  III  culture  by  passage 
through  the  monkey,  inasmuch  as  a  pure  culture  of  the  same  organism 
failed  to  produce  generalized  tuberculosis  in  calf  No.  223.  Without 
more  experimental  evidence  upon  this  point,  however,  we  can  not 
regard  such  an  increase  in  virulence  as  definitely  established. 


Record  of  calf  No.  J04. — Age,  about  7  months.  February  27, 
1902,  tested  with  tuberculin  without  reaction.  March  7,  1902, 
injected  intraabdominally  with  5  c.  c.  of  human  sputum  contain- 
ing very  many  tubercle  bacilli;  also  many  other  bacteria,  staphy- 
lococci, etc.  Within  three  weeks  after  injection  the  animal  appeared 
to  be  unwell,  appetite  was  poor,  and  there  was  considerable  tenderness 
surrounding  the  point  of  injection.  On  May  1,  1902,  the  animal 
reacted  to  a  tuhercuhn  test,  and  declined  in  condition  from  that 
time  on,  and  was  killed  on  September  23,  1902. 

Autopsy:  On  opening  the  abdominal  cavity  the  left  wall  was 
found  to  be  thickly  studded  with  minutn  white  elevations,  varying 
in  size  from  mere  points  to  about  one-eighth  inch.  Among  these 
elevations  were  a  few  which  had  necrotic  centers;  similar  but  less 
numerous  lesions  on  the  omentum,  the  surface  of  the  rumen,  the 
abdominal  and  thoracic  surfaces  of  the  diaphragm,  and  on  the  mesen- 
tery; the  lesions  had  very  much  the  appearance  of  the  beginning 
of  pearl  disease  (see  PI.  XX).  A  few  necrotic  foci  were  found 
in  the  tissue  of  the  liver  near  the  convex  surface.  The  liver  and 
the  stomachs  were  bound  to  the  diaphragm  by  means  of  firm  bands 
of  white  connective  tissue,  which  were  studded  with  white  eleva- 
tions of  the  kind  already  described.  The  surface  of  the  spleen  was 
marked  with  similar  elevations  somewhat  laiger  than  in  other  regions. 
One  cheesy  nodule,  about  1  inch  in  diameter,  in  the  abdominal 
cavity  near  the  duodenum;  this  nodule  on  section  dischai^ed  a 
thick,  granular  pus.  The  walls  of  the  abscess  were  moderately 
thick.  Lung — The  entire  cephaUc,  two-thirds  of  the  ventral,  and 
one-fourth  of  the  principal  lobes  on  both  sides  were  Bolidified,  and 
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of  a  pale-red  color;  the  solidified  areas  were  sprinkled  with  nodules, 
varying  in  size  from  one-aixteenth  to  <me-half  inch,  whicli  on  section 
were  found  to  he  dilatations  of  the  bronchial  tubes  filled  with  thick 
viscid  mucus.  The  abdominal  and  thoracic  glandu  were  all  enlarged 
and  edematous,  but  showed  no  other  lesions. 

Guinea  pigs  inoculated  with  fragments  of  lung  and  of  a  nodule 
on  the  peritoneum  died  of  generalized  tuberculosis.  Calf  No.  276, 
injected  with  material  from  the  peritoneum  of  calf  No.  254,  did  not 
contract  tuberculosis. 

Calf  No.  254  evidently  contracted  tuberculosis  as  a  result  of  the 
injection  with  human  sputum.  The  disease  was  not  virulent  in 
character,  but  was  plainly  progressive.  The  failure  of  calf  No.  276 
to  contract  the  disease  when  injected  with  tuberculous  tissue  from 
calf  No.  254  may  have  been  due  to  the  fact  that  it  received  the  tubercle 
bacilli  free  from  other  organisms,  whereas  calf  No.  2.'>4,  which  was 
injected  with  sputum,  received  a  mixture  of  tubercle  bacilli  with 
various  other  microorganisnis.  In  view  of  the  fact  that  in  calf 
No.  254  the  tubercle  bacilli  invaded  the  lung  and  the  costal  pleura 
after  intraabdominal  injection,  we  consider  this  as  a  successful 
transference  of  human  tuberculosis  to  cattle,  although  the  human 
tubercle  bacilli  were  aided  possibly  in  their  stru^le  with  the  resisting 
powers  of  the  calf  by  other  microorganisms. 

Record  of  steer  No.  2J^i. — About  20  months  old.  The  animal  was 
drenched  with  bovine  tuberculous  material,  obtained  from  cases 
of  spontaneous  tuberculosis  in  cattle,  on  January  10,  11,  l.'i,  and  21, 
1902,  and  on  February  17,  18,  and  26  of  the  same  year.  Te,sted 
with  tuberculin  a  positive  reaction  was  obtained.  On  October  6, 
about  9  months  after  the  first  drenching,  this  animal  was  killed. 
A  few  small  foci  of  a  tuberculous  character  were  found  in  the  medias- 
tinal and  in  the  lymph  glands  at  the  entrance  of  thorax;  otherwise 
there  was  no  evidence  of  tuberculosis. 

Record  of  heifer  No.  1^37. ^Ahaat  2i  years  old.  November  7,  1901, 
tested  with  tuberculin  without  reaction.  This  animal  was  then  fed 
or  drenched  with  tuberculosis  material  at  varjing  intervals  dur- 
ing a  period  of  6  months,  as  follows:  November  22,  1901,  fed 
with  bran  mixed  with  some  tuberculous  nodules  from  a  human 
lung.  December  23,  1901,  a  suspension  was  made  in  water  of  sev-- 
eral  tuberculous  nodules  from  a  human  liver;  a  pint  of  this  mate- 
rial was  introduced  into  the  stomach  of  the  calf.  December  26, 
1901,  drenched  with  a  pint  of  a  watery  suspension  of  human 
tuberculous  material,  together  with  some  serous  fluid  from  the  same 
case  of  human  tuberculosis.  January  8,  1902,  drenched  with  a 
suspension  of  a  tuberculous  human  liver.  February  11,  1902,  a 
suspension  of  tuberculous  human  lung  in  about  1  gallon  of  water, 
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with  about  50  c.  c.  of  tuberculous  human  sputum,  from  adults  suf- 
fering from  pulmonary  tuberculosis  was  introduced  into  the  animal's 
stomach  through  a  rubber  tube.  February  27,  1902,  a  tuberculin 
test  showed  no  reaction.  On  March  4,  1902,  the  calf  was  drenched 
with  a  watery  suspension  of  a  portion  of  a  tuberculous  human  lung. 
March  7,  1902,  about  100  c.  c.  of  tuberculous  human  sputum  vas 
fed  to  tlie  calf  through  a  rubber  tube.  About  half  of  the  sputum 
was  derived  from  the  same  source  as  that  used  for  the  injection  of  coll 
No.  254;  the  other  half  was  obtained  from  the  case  that  furnished  the 
material  from  which  culture  F  L  was  obtained.  Both  contained  large 
numbers  of  tubercle  bacilli.  April  5,  1902,  a  tuberculin  test  failed  to 
give  a  reaction.  On  April  12,  1902,  the  heifer  was  drenched  twice 
with  tuberculous  material  of  human  origin;  the  first  time  it  received 
a  suspension  of  8  to  10  cubic  inches  of  a  tuberculous  human  lung 
in  water;  at  the  second  drenching,  an  hour  later,  it  received  a  sus- 
pension of  tuberculous  intestines  and  mesenteric  glands  from  a 
child,  the  latter  material  being  derived  from  the  same  source  as 
was  culture  C  No.  4,  the  culture  proving  quite  virulent  for  calves 
when  injected  subcutaneously.  On  May  13,  1902,  a  considerable 
amount  of  human  tuberculous  material  (consisting  of  portions  of 
the  lung,  liver,  spleen,  and  kidney  from  a  case  of  generaUzed  tuber- 
culosis) suspended  in  water  was  fed  to  the  animal.  May  19,  1902, 
about  8  or  10  cubic  inches  of  a  tuberculous  human  lung  and  mesen- 
teric glands  were  cut  into  small  fragments  and  mixed  with  water 
and  fed  to  the  calf.  Od  June  26,  1902,  tested  with  tuberculin  with- 
out reaction. 

The  general  condition  of  this  animal  remained  excellent;  it  was 
killed  on  October  28,  1902,  and  the  autopsy  revealed  no  trace  of 
tuberculosis.  It  must  be  said  with  regard  to  the  material  used  for 
feeding  the  animal  that  none  of  it  was  proved  to  possess  noticeable 
pathogenic  virulence  for  cattle  upon  subcutaneous  injection,  with 
the  exception  of  that  marked  C  No.  4.  Previous  to  receiving  the 
virulent  material,  however,  many  feedings  of  a  tuberculous  vims 
of  a  low  degree  of  virulence  had  been  given,  and  there  is  a  possi- 
bility that  a  certain  amount  of  resistance  to  tuberculosis  had  been 
acquired  in  this  way;  in  any  case  one  feeding  experiment  of  this 
character  can  not  be  considered  as  in  any  way  decisive,  the  indi- 
vidual resistance  of  the  animal  being  a  quantity  which  must  always 
be  reckoned  with. 

Record  of  sheep  No.  41. — January  29,  1902,  tested  with  tuberculin 
without  reaction.  July  19,  1902,  injected  10  c.  c.  of  human  tubercle 
culture  No.  50  into  right  jugular  vein.  As  a  result  of  this  injec- 
tion the  animal  developed  a  severe  respiratory  disturbance  and  lost 
considerably  in  condition.    At  times  it  seemed  to  improve,  but  failed 
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igaia  aQd  gradually  became  very  emaciated.     On  January  6,  1903, 
the  sbeep  was  killed  and  examined  postmortem. 

Autopay:  Lung — The  pleura  showed  numerous  patches  of  thick- 
ening which  in  many  places  looked  like  fibrinous  neoplasms  of  a 
shreddy  character,  and  wluch  constituted  in  some  cases  adhesions 
between  the  costal  and  pulmonary  pleurte;  th6  lung  tissue  was 
sprinkled  with  nodules  of  a  necrotic  tuberculous  character  varying 
in  size  from  one-sixteenth  to  one-half  inch.  (See  PI.  XXIV.)  Medi- 
astinal gland  tuberculous;  some  white  points  in  the  hver,  kidney, 
and  spleen;  the  general  appearance  was  that  of  a  tuberculosis  which 
had  its  origin  in  the  lung,  spreading  from  this  organ  and  finally  pro- 
ducing a  generalized  miliary  tuberculosis. 
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As  will  be  seen  from  the  foregoing  records,  several  drenching  or 
feeding  experiments  with  cattle  were  made  both  with  human  and 
bovine  tuberculous  material.  At  the  time  the  animals  were  killed 
the  human  material  had  not  caused  any  disease,  while  the  bovine 
material  had  produced  slight  results.  When  we  compare  the  disease 
produced  by  bovine  III  culture,  which  had  been  grown  in  the  labo- 
ratory of  the  Bureau  for  a  number  of  generations,  with  that  pro- 
duced by  bovine  culture  C  No.  81 — the  culture  recently  isolated — 
there  seems  to  be  almost  as  great  a  difference  in  virulence  between 
the  two  as  there  is  among  the  various  cultures  of  human  origin. 


F  THE  CATTLE   BXFERUIENn. 

We  isolated  in  all  nine  fresh  tubercle  cultures  from  as  many  differ- 
ent cases  of  human  tuberculosis.  Five  of  these  cultures  were 
obtained  from  adults  and  four  from  children.  One  calf  was  injected 
intravenously  with  each  of  the  cultures,  but  owing  to  the  fact  that 
the  microscopic  examination  of  the  organs  of  calf  Ho.  265,  injected 
with  human  culture  D  T,  revealed  the  presence  of  large  numbers 
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of  a  microoi^anism  differing  from  the  tubercle  bacillus,  we  wil]  not 
take  this  case  into  account  in  determining  the  percentage  of  positive 
results.  An  examination  of  the  record  of  calf  No.  287,  injected 
subcutaneously  with  the  same  culture — D  T — indicates  that  this 
culture  possesses  distinct  though  rather  feeble  path<^;enic  power  for 
cattle.  If  the  record  of  calf  No.  287  be  compared  with  that  of  calf 
No.  223,  injected  subcutaneously  with  bovine  culture  III,  it  will 
be  seen  that,  assuming  the  resisting  powers  of  the  two  calves  to 
be  equal,  human  culture  D  T  is  nearly,  if  not  quite,  as  virulent 
for  calves  upon  subcutaneous  injection  as  bovine  culture  III,  and 
this  bovine  culture,  upon  intravenous  injection,  produced  an  infec- 
tion of  the  lungs  and  lympliatic  glands.  Keasoning  in  this  fashion, 
we  are  inclined  to  believe  that  human  culture  D  T  was  the  chief 
cause  of  the  lesions  found  in  calf  No.  265,  but  owing  to  the  element 
of  uncertainty,  which  can  not  be  overcome,  this  animal  will  not  be 
considered  among  the  intravenous  injections. 

E^ht  calves  were  injected  intravenously  with  as  many  different 
cultures  of  tubercle  bacilli  of  human  origin,  five  being  obtained  from 
adults  and  three  from  chUdren.  Of  the  eight  cultures,  two,  or  25 
per  cent,  produced  a  fatal  generalized  tuberculosis.  The  two  that 
produced  fatal  disease  in  calves  were  both  derived  from  children; 
therefore  two  out  of  three  of  the  cultures  from  children  were  quite 
as  virulent  for  calves  as  the  bovine  tubercle  bacillus. 

It  was  not  thought  necessary  to  inject  calves  subcutaneously  with 
the  cultures  which  gave  Uttle  or  no  evidence  of  pathogenic  proper- 
ties when  injected  intravenously.  Six  of  the  most  virulent  human 
cultures  were  therefore  selected  for  the  subcutaneous  injections. 
As  indicated  in  Table  V,  seven  calves  were  injected  subcutaneously 
with  the  six  cultures,  and  one  calf  (No.  250)  was  injected  with  human 
tuberculous  tissue  obtained  from  the  same  source  as  one  of  the  cul- 
tures (C  No.  4).  Three  of  the  six  cultures  used  were  derived  from 
adults  and  three  from  children.  The  results  of  these  injections  may 
be  summarized  as  follows:  One  culture  failed  to  produce  finy  lesion 
persisting  for  as  long  a  period  as  9  months;  two  produced  a  local- 
ized abscess  at  the  point  of  injection;  a  fourth  culture  produced 
a  local  lesion  and  the  disease  extended  to  the  neighboring  lymph 
glands.  The  two  remaining  cultures  brought  about  a  generalized 
tuberculosis  in  the  calves  injected  with  them.  Taking  into  account, 
then,  the  whole  number  of  human  cultures  isolated,  we  find  that  two 
out  of  nine,  or  22.2  per  cent,  produced  a  generahzed  tuberculosis  after 
subcutaneous  injection.  A  third  culture,  D  T,  must  be  considered 
as  infectious  for  cattle,  as  the  disease  within  2  months  from  the 
time  of  injection  extended  from  the  point  of  inoculation  to  the 
adjacent  prescapular  gland,  and  through  that  or  some  other  channel 
to  the  deeper  gland  just  inside  of  the  thorax.     We  can  then  revise 
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the  fibres  just  given,  since  out  of  nine  hum&n  oulturet4  imitated, 
three,  or  33i  per  cent,  produced  tuberculosis  in  rattle  after  subcu- 
taneous injectioD.  These  three  virulent  cultures  were  all  obtained 
from  cluldren,  so  that  out  of  four  cultures  derived  from  cases  of 
generalized  tuberculosis  in  children  three  were  capable  of  bringing 
about  infection  in  cattle. 

It  will  be  remembered  that  in  the  summary  of  the  intravenous 
injections  it  was  stated  that  two  out  of  three  of  the  cultures  from 
children  produced  tuberculosis  in  calves,  while  after  subcutaneouB 
injection  we  state  that  three  out  of  four  produced  infection.  This 
discrepancy  is  due  to  the  fact  previously  explained  that  a  mixed 
infection  appeared  to  have  taken  place  in  the  animal  injected  intra- 
Tenously  with  culture  D  T,  and  for  this  reason  the  injection  with 
that  culture  wast  thrown  out. 

So  far  as  our  experiments  upon  cattle  are  concerned,  therefore, 
we  must  conclude  that  tubercle  bacilli  of  various  degrees  of  viru- 
lence for  cattle  may  be  obtained  from  human  sources— some  quite 
aa  virulent  as  the  tubercle  bacilli  known  to  be  of  bovine  origin  and 
others  less  so. 

The  results  of  our  experiments  also  lead  us  to  conclude  that  there 
is  no  essential  difference  between  tubercle  bacilli  derived  from  bovine 
sources  and  those  derived  from  man.  In  fact,  we  know  of  no  char- 
acter possessed  by  bovine  tubercle  bacilli  which  may  not  be  pos- 
sessed by  tubercle  bacilli  of  human  origin.  The  two  most  virulent 
human  tubercle  cultures  described  in  this  bulletin  can  not  be  dis- 
tinguished from  the  classical  bovine  type  either  with  regard  to  their 
cultural  characters  or  their  pathogenic  power  for  cattle  and  other 
animals. 

Dr.  Theobald  Smith  has  been  the  chief  advocate  for  a  racial 
distinction  between  bovine  and  human  tubercle  bacilli,  although  he 
does  not  deny  the  infectiousness  of  bovine  tubercle  bacilli  for  man. 
On  the  contrary,  he  considers  those  cultures  of  human  tubercle 
bacilli  which  correspond  culturally  and  in  respect  to  their  patho- 
genic powers  with  the  ordinary  bovine  tubercle  bacillus  as  being 
originally  of  bovine  origin. 

While  we  believe  firmly  that  tubercle  bacilU  of  bovine  origin  may 
infect  human  beings,  we  can  not  accept  the  theory  that  tubercle 
bacilli  derived  from  man  are  neces-sarily  of  bovine  origin  because 
they  possess  characters  of  the  ordinary  bovine  bacillus.  In  other 
words,  in  regard  to  those  cases  of  human  tuberculosis  from  which 
baciUi  virulent  for  cattle  are  obtained,  it  must  be  shown  first  of  all 
that  the  individuals  in  question  became  infected  through  tubercu- 
lous meat  or  milk.  The  possibility  of  the  infection  having  been 
derived  from  cattle  always  exists,  but  in  our  opinion  the  biological 
characters  of  the  infecting  organism  are  not  suMcient  to  show  that 
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meat  or  milk  was  the  source  of  the  disease,  and  in  like  manner  a 
tubercle  bacillua  of  low  virulence  obtained  from  cattle  should  be 
considered  to  be  of  bovine  origin  unless  there  is  some  evidence  of 
infection  from  other  sources.  The  fact  that  certain  tubercle  bacilh 
derived  from  man  resemble  the  majority  of  bovine  baciUi  is  to  our 
mind  evidence  of  the  unity  of  the  two  races. 

EXPERIMENTS    UPON    MONKETS. 

In  addition  to  the  investigations  made  to  determine  the  extent  to 
which  tubercle  bacilli  of  human  origin  are  infectious  for  cattle,  the 
intimately  related  question  whether  tubercle  bacilli  of  bovine  origin 
are  infectious  for  man  was  approached  as  closely  as  possible  by  a 
series  of  experiments  with  monkeys. 

It  is  a  generally  admitted  zoological  fact  that  man  stands  in  closer 
relationship  to  the  quadruuiana  than  to  other  animals.  With  this 
view  accepted,  we  may  reasonably  assume  that  apparently  similar 
disease-producing  microorganisms  found  in  man  and  cattle,  the 
identity  of  which  has  been  questioned,  are  practically  the  same  in 
their  pathogenic  significance  if  they  produce  identical  affections 
in  monkeys. 

Of  the  monkeys  used  in  our  experiment  one  was  a  Cebus,  two 
belonged  to  the  genus  Rhesus,  and  four  were  baboons.  Two  tubercle 
cultures  were  used,  one^No.  50 — of  human  origin,  which  had  been 
under  cultivation  for  a  long  time  at  the  laboratory  and  was  virulent 
for  guinea  pigs,  and  one  bovine  culture — III. 

Four  of  the  monkeys  received  injections  of  bovine  tubercle  culture; 
two  received  injections  of  human  tubercle  culture,  and  one  was  fed 
milk  containing  bovine  tubercle  bacilli.  No  cow  could  be  found 
with  a  tuberculous  udder  which  had  become  infected  in  the  natural 
way  at  the  time  the  feeding  experiment  was  made,  and  so  the 
milk  was  obtained  from  a  cow  whose  udder  was  injected  with 
culture  bovine  III.  The  milk  from  the  udder-injected  cow  showed 
tbe  presence  of  tubercle  bacilli  on  microscopic  examination,  and  on 
injection  into  guinea  pigs  cau-sed  fatal,  generalized  tuberculosis. 

The  monkeys  were  confined  in  large  cages,  each  of  which  was  sup- 
plied with  perches  and  a  partly  closed  sleeping  compartment  to 
which  the  animal  could  retire  at  will.  The  cages  were  placed  in 
a  one-roomed,  properly  heated,  well-lighted  and  ventilated  house, 
which  was  guarded  during  cold  weather  against  sudden  changes  of 
temperature  by  a  small  vestibule  with  inner  and  outer  doors.  Both 
the  cages  and  the  house  were  specially  constructed  for  this  exper- 
iment and  had  not  been  used  previously  for  any  other  purpose. 

Record  of  monlcey  No.  !. — Female  baboon,  in  excellent  condition, 
tested  with  tuberculin  without  reaction,  kept  under  observation  about 
two  weeks  and  showed  no  symptoms  of  disease;  weight  8  pounds  9 
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ounces.  September  12,  1901,  injected  aubcutaneouslv,  left  side, 
about  1  inch  below  udder,  with   1  c.  e.  tubercle  culture  bovine  III. 

A  firm  tumor  &t  once  developed  at  the  seat  of  injection,  which 
^^ually  increased  in  size,  softened,  broke  open,  and  discharged  a 
creamy,  gray,  pu.s-like  substance,  and  formed,  by  October  4,  a  deep 
ulcer,  1  by  i  inch  in  area,  with  a  thickened,  rounded,  raised  border. 
The  skin  about  the  ulcer  became  generally  thickened  and  detached 
from  the  subcutaneous  structures  over  a  diameter  of  2\  inches.  The 
monkey  spent  much  time  fingering  and  picking  the  wound,  which  was 
washed  with  weak  solution  of  carbolic  acid  and  covered  with  a  thin 
layer  of  powdered  chalk  and  alum.  The  axillary  lymph  gland  on  the 
aide  of  injection  increased  greatly  in  size  and  was  dearly  visible  as  a 
tumor  under  the  skin  when  the  monkey's  arm  was  drawn  upward. 
On  October  8  the  ulcer  at  the  seat  of  injection  was  almost  circular,  1  j 
inches  diameter,  and  its  surface  was  covered  by  a  thin  layer  of  thick, 
gray  pus.  The  enlarged  axillary  gland  measured  1  by  J  by  J  inch, 
and  was  firm  and  nodular  to  the  touch.  On  October  12  the  weight 
of  the  monkey  was  7  pwunds  15  ounces,  and  on  October  26  this  had 
fallen  to  7  pounds. 

The  general  condition  of  the  monkey,  beginning  a  few  days  after 
the  injection  until  October  30,  1901,  on  which  date  she  was  chloro- 
formed and  examined  postmortem,  became  gradually  worse.  On 
October  29  the  following  record  was  made:  Monkey  has  been  growing 
constantly  weaker  and  now  is  so  weak  that  she  can  barely  sit  with  her 
body  in  an  erect  position.  She  is  drowsy,  keeps  her  eyes  closed,  and 
rests  her  head  on  her  hands  in  a  ver}'  human  attitude,  and  refuses  all 
nourishment  excepting  a  little  fruit.  The  next  day,  on  which  she 
was  killed,  she  was  noticeably  weaker  and  practically  in  a  dying 
condition. 

Autopsy:  At  the  seat  of  injection  a  large  idcerated  area,  about  1^ 
inches  in  diameter.  The  pleural  cavity  contains  a  viscid,  sero- 
fibrinous exudate,  by  means  of  which  the  costal  and  pulmonary 
pleurae  are  bound  together.  Tlic  lung  is  thickly  sprinkled  with 
opaque,  yellowish  white  areas,  of  a  cheesy  appearance,  the  diameter 
of  which  varies  from  I  mm.  to  about  2  cm.  The  several  lobes  of  the 
lung  are  adherent  to  each  other  and  the  lung  tissue  is  firm  and  airless. 
Pericardium  distended  with  clear,  serosanguinous  Huid.  Heart — 
Near  the  apex  of  the  left  ventricle,  in  the  muscle,  is  an  opaque,  white 
area  about  2  mm.  in  diameter.  Liver  apparentlj'  eiilai^cd  and  mot- 
tled with  numerous  opaque,  white  areas  from  1  to  5  mm.  in  diameter. 
Spleen  apparently  enlarged  and  sprinkled  with  o]taqup,  dirty-white 
areas,  which  have  a  cheesy  appearance  and  vary  in  diameter  from 
1  mm.  to  1  cm-  Kidneys  pale  and  studded  with  opaque,  white  areas 
about  1  mm.  diameter.  The  mediastinal,  axillary,  and  mesenteric 
lymph  glands  are  enormously  enlarged,  and  are  hard  and  cheesy. 
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Thp  mesentery  is  sprinkled  with  opaque,  white  areas.  The  brain  is 
normal  in  appearance,  with  the  exception  of  a  white  focus  ]  mm.  in 
diameter  embedded  in  the  pia  mater  lyinj;  over  the  subfrontal  sulcus. 

Record  of  monkey  No.  2. — Small  female  Cebus,  in  unthrifty  condi- 
tion, hair  rough  and  soiled  in  places,  tested  with  tuberculin  without 
reaction;  weight  2  pounds  1  ounce.  September  12,  1901,  injected 
subcutaneously,  left  side,  about  1  inch  below  udder,  with  J  c.  c.  of 
tubercle  culture  bovine  III. 

Condition  as  a  result  of  the  injection  is  similar  to  that  described  for 
monkey  No.  1,  in  addition  to  which  the  mammary  gland  directly 
above  the  seat  of  injection  is  swollen  and  firm  and  the  skin  covering 
it,  especially  about  the  nipple,  reddened.  This  animal  gradually  lost 
in  condition ,  but  remained  fairly  bright  until  the  latter  part  of  October. 
On  October  12  its  weight  was  1  pound  14  ounces,  on  October  26  also 
1  pound  14  ounces.  On  November  7  the  following  record  was  made: 
Weight  1  pound  121  ounces;  condition  very  poor  and  unthrifty;  hair 
roughened  and  much  soiled;  mammary  gland  greatly  swollen  and  the 
skin  over  same,  especially  about  the  nipple,  intensely  reddened;  ulcer 
at  the  seat  of  injection  1  inch  long  and  J  inch  broad ;  appetite  very 
poor.  On  November  22  the  monkey  was  in  a  dj-ing  condition  and 
was  chloroformed  and  examined  postmortem. 

Autopsy:  The  animal  is  Very  much  emaciated.  At  the  seat  of 
injection  is  a  lai^e  raw,  ulcerated  area,  about  1  inch  in  diameter, 
over  which  the  skin  has  entirely  disappeared;  the  edges  of  the 
skin  surrounding  the  opening  are  somewhat  everted.  Lung  sprinkled 
with  grayish,  translucent  foci  from  1  to  20  mm.  in  diameter,  the  cen- 
ters of  which  are  opaque  and  of  a  yellowish  white  color.  Liver 
apparently  normal.  Spleen  of  a  dark  color  and  studded  with  opaque 
yellowish  white  areas  from  1  to  3  mm.  in  diameter.  Kidneys  pale 
and  contain  a  number  of  translucent  areas  about  i  mm.  in  diameter; 
the  left  kidney,  on  section,  is  found  to  contain  a  yellowish  white, 
opaque,  necrotic  area  about  .1  mm.  in  diameter.  Lymphatics — The 
axillary,  mediastinal,  and  mesenteric  glands  are  all  enlai^^  and 
cheesy,  and  all,  on  section,  show  more  or  less  softening  and  the  pres- 
ence of  thick,  white  pus. 


Dbscription  of  Platb  XXVI, 


Sections  of  organs  of  monkry  No.  3,  indicBling  distribution  of  tubercle  bacilli  from  mib- 
ciiteneous  inoculation  with  put¥  culture  buman  tuberculosis  No.  50.  Stained  with  benia- 
toxyliD  and  carbol-fuchsin.    Magnified  1,450  diunetera. 

Fig.  1. — Section  of  lung. 

Fig.  2. — Section  of  liver. 

J>rawiiig  by  W.  S.  D,  Ilaioes. 
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and  those  of  bovine  origin,  but  it  is  not  a  specific  difference  or  even  a 
difference  which  permits  the  grouping  of  the  germs  as  distinct  varie- 
ties of  the  same  species,  but  a  difference  practically  confined  to  patho- 
genic virulence,  and  which  forces  us  to  r^ard  the  tubercle  bacilli  of 
bovine  origin  merely  as  more  virulent  than  those  of  human  origin. 

REVIEW  OF  SOME  OF  THE  MORE  RECENT  EXPERIMENTS  CONCBBNINQ 
THE  INTERTRANSMtSSIBILITY  OF  HUMAN  AND  BOVINE  TUBERCU- 
LOSIS. 

The  well-known  address  of  Prof.  Robert  Koch' "  before  the  British 
Congress  on  Tuberculosis  in  July,  1901,  caused  an  enormous  awaken- 
ing of  interest  among  medical  men  in  all  that  concerned  the  relation- 
ship of  human  to  bovine  tubercle  bacilli.  In  the  paper  referred  to 
Koch  expressed  the  belief  that  the  infection  of  man  with  tubercu- 
losis from  bovine  sources  is  of  such  rare  occurrence  that  no  prevent- 
ive measures  are  necessary  in  this  direction.  He  was  led  to  this 
belief  by  the  lack  of  direct  evidence  that  such  infection  had  taken 
place,  and  by  the  experiments  conducted  by  himself  and  Schutz,* 
in  which  it  was  found  that  a  number  of  tubercle  cultures  from  human 
sputum  would  not  infect  cattle  or  certain  other  domesticated  animals. 
This  London  address  led  medical  investigators  the  world  over  to 
make  experiments  and  observations  bearing  more  or  less  directly 
on  the  intertransmissibility  of  human  and  bovine  tuberculosis.  By 
the  fall  of  1902  a  large  amount  of  evidence  had  been  presented  to 
show  that  certain  tubercle  bacilli  of  human  origin  are  capable  of 
causing  a  generalized  tuberculosis  in  cattle,  and  many  instances  of 
the  infection  of  men  from  cattle  had  been  reported.  These  reports, 
which  possibly  modified  Professor  Koch's  views  in  regard  to  the 
pathogenic  power  of  human  tubercle  bacilli  fur  cattle,  did  not  influ- 
ence Ills  opinion  in  regard  to  the  danger  to  human  beings  from  the 
use  of  tuberculous  meat  and  milk,  as  is  shown  in  his  latest  paper* 
upon  the  subject.  His  views,  as  expressed  in  this  paper,  present 
the  strongest  possible  statement  of  the  position  occupied  by  those 
who  insist  upon  the  noninfectiousness  of  bovine  tuberculous  virus 
for  human  beings.  For  that  reason  it  seems  desirable  to  quote  in 
part  the  requirements  which,  in  his  opinion,  should  be  met  in  order 
to  establish  the  infectiousness  of  bovine  tuberculosis  for  the  human 
subject.     The  requirements  are  in  part  aa  follows: 

1.  Ortoin  proof  of  tubercle  in  gnnenl  and,  where  possible,  the  primuy  focus  must  be 
suppliKl.  In  adulls  wp  must,  therefore,  require  the  existence  of  unaseukUe  clinkkl 
symptoniH,  and  a  necrops;  whpn  these  arc  not  present.  In  children  the  clinical  sjmptoma 
are  much  too  uncertain,  and  so  a  nrcropsj  is  alwajs  requisite  with  thetn. 

2.  Other  sources  of  infection  must  be  excluded  with  certainty.  Tlie  assurance  that  the 
person  in  question  comes  of  a  healthy  family  is  under  no  (nrcuinstances  sufficient.     llieTe 


"These  fi^ras  refer  to  bibliograplij  oo  page  fiS. 

Lxii.^^^  „■  Google 


EZPEBIXEirrS   OUNOERNINO   TUBEBCUL08I».  75 

18  other  poasibilitiM  of  infectioo  cither  iruide  or  outside  tbe  family  which  come 
up  for  consideration.     •    •    • 

3.  In  each  case  of  alleged  infection  from  milk  infected  with  perlsucht  bvuUi  the  mndi- 
tioQ  of  the  rest  of  the  people  who  have  taken  the  same  milk  should  be  borne  in  mind.  Theae 
felknv-coDsumers  form  to  acertaiDext4>nt  a  control  experiment,  and  if  of  the  Qumerous  people 
who  have  drunk  the  suspected  milk  otilj  a  ui^le  one  sickens,  thia  weighs  decided);  againFt 
the  belief  that  this  one  person  was  infected  by  tbe  common  food.     *    •    • 

4.  The  source  of  the  milk  should  be  attended  to.  StDoe  in  recent  years  it  has  become 
more  and  more  evident  tiiat  milk  containing  tubercle  bacilli  is  yielded  only  by  cows  affected 
with  tuberculosis  of  the  udders,  the  general  slalentent  that  someone  has  drunk  milk  from 
a  cow  suiTenng  from  perbucht  no  longer  suffices  to  prove  to  us  that  perlsucht  bacilli  have 
really  reached  that  peraon's  organs  of  digestion.  A  man  ran  certainly  ingest  milk  from  a 
oow  BufferiDg  from  perlsucht  without  coming  into  contact  with  perlsucht  bacilli  through  it. 
It  must  be  milk  from  a  cow  with  tuberculosis  of  the  udder,  and  therefore  a  statement 
relative  to  this  point  should  not  be  lacking  in  a  report  on  milk  infection  if  it  is  to  be  considered 
complete. 

It  will  be  seen  from  the  above  statement  that  Doctor  Koch  requires 
absolute  and  direct  proof  of  the  infection  of  men  with  bovine  tuber- 
culous vims  before  he  will  recede  from  his  position  that  there  is 
practically  no  danger  to  human  beings  from  tuberculous  meat  and 
milk.  We  are  inclined  to  regard  some  of  the  conditions  imposed 
by  him  as  unnecessary  and  unreasonable  because,  owing  to  the 
insidious  onset  of  this  disease,  and  the  fact  generally  admitted  that 
tubercle  bacilli  which  have  entered  the  body  may  lie  dormant  for 
years  without  producing  any  evidence  of  their  presence,  it  is-  impos- 
sible to  say  witli  absolute  certainty  when  or  where  any  given  case  of 
human  tuberculosis  had  its  origin.  We  are,  therefore,  forced  to  rely 
almost  wholly  upon  indirect  evidence  as  to  the  infectiousness  of  bovine 
tuberculosis  for  men.  In  our  opinion  the  intertransraissibility  of 
human  and  bovine  tuberculosis  is  supported  by  so  much  indirect  evi- 
dence of  an  overwhelming  character  that  we  are  justified  in  r^arding 
it  as  practically  established.  Absolute  proof  is  greatly  to  be  desired, 
but  in  its  absence  we  must  be  governed  by  probabilities  and  base 
our  reflations  for  the  control  of  tuberculosis  on  them. 

In  the  following  pages  are  reviewed  some  of  the  most  recent 
experiments  bearing  upon  human  and  bovine  tuberculosis,  together 
with  a  portion  of  the  literature  concerning  the  transmission  of  tuber- 
culosis to  animals  by  feeding. 


Dobroklonski '  has  attempted  to  decide  definitely  the  disputed 
questions  whether  tubercle  bacilli  can  enter  the  body  through  the 
intestinal  tract  and  whether  a  lesion  of  the  intestinal  mucous  mem- 
brane is  necessary  for  such  infection  to  take  place.  The  animals 
experimented  upon  were  guinea  pigs.  The  infecting  material  used 
consisted  of  tubercle  cultures  on  glyceriiiized  bouillon.  A  small  glasf 
tube  witb  rounded  ends  was  inserted  into  the  throats  of  the  guinea 
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pigs  and  a  few  drops  of  a  pure  culture  were  allowed  to  flow  through 
it.  The  animals  were  not  fed  for  some  little  time  after  they  received 
the  culture  and  were  guarded  carefully  against  any  outside  infection. 
They  were  killed  on  the  fourth,  tenth,  fifteenth,  twentieth,  twenty- 
fifth,  thirty-second,  and  fortieth  days,  respectively,  after  being  fed  the 
culture.  At  the  autopsy  a  careful  macroscopic  examination  was  made 
of  the  entire  length  of  the  intestine,  and  microscopic  sections  were 
made  from  large  portions  of  that  organ,  those  portions  which  indicated 
the  slightest  variation  from  the  normal  being  given  specially  careful 
study.  As  a  result  of  this  extremely  laborious  experiment  the 
author  found  that  it  b  entirely  possible  for  tubercle  bacilli  to  pass 
through  the  normal  intestinal  mucosa  of  guinea  pigs.  lie  is  not 
able  to  say  just  how  the  entrance  is  effected,  but  draws  the  following 
conclusions: 

Tuberculosis  may  certainly  infect  animals  through  the  digestive 
tract.  For  this  infection  to  take  place,  no  lesion  of  the  intestinal 
wall  is  necessary;  no  epithelial  desquamation;  no  local  changes  of 
any  character;  no  previous  inflammatory  process.  The  tubercu- 
culous  virus— the  bacilli  as  well  as  the  spores  (sic) — can  easily  pass 
through  the  epithelial  covering  of  the  perfectly  normal  intestine. 
This  penetration  is  particularly  easy  in  cases  where  the  contact  of 
the  tuberculous  virus  with  the  intestinal  wail  is  prolonged,  but  for 
the  penetration  to  take  place  it  is  not  necessary  for  this  contact  to 
be  prolonged.  The  tubercle  bacilli  as  well  as  their  spores  (sic),  if 
they  are  not  long  in  contact  with  the  intestinal  wall,  are  not  capable 
of  provoking  inflammatory  processes  or  niodificHtions  of  the  epithe- 
lial hning  of  this  wall.  The  tubercle  bacilli  probably  have  no  defi- 
nite way  of  gaining  entrance  into  the  organism — for  example,  by 
leucocytes  exclusively  -but  they  may  be  carried  by  the  lymph  cur- 
rent and  later  being  arrested  at  some  })laces  in  the  tissues  they  there 
give  rise  to  the  formation  of  tubercles. 

Nocard '  says  that  in  the  case  of  cats,  young  animals  are  es[)wially 
liable  to  contract  tuberculosis  through  the  digestive  tract.  lie  fed 
t<)  four  6-weeks-old  kittens  and  also  to  their  mother  a  paste  with 
which  was  mixed  a  very  abundant  culture  of  tubercle  bacilli.  All 
four  kittens  died  within  four  months  of  a  severe  type  of  tubercu- 
losis. The  mother  lived  for  a  long  time  in  good  health,  but  when 
killed  at  the  end  of  three  years  tuberculous  lesions  of  the  spleen, 
Uver,  and  lung  were  found. 

Clausen,'  while  holding  the  position  of  slaughterhouse  inspector 
in  the  town  of  Husum,  in  Germany,  was  struck  by  the  fact  that  the 
hogs  slaughtered  for  the  almshouse  and  hospital  were  more  or  lesa 
infected  with  tuberculosis.  Hogs  of  the  same  breed  fed  in  other 
places,  however,  were  entirely  sound.  The  tuberculous  changes 
were  usually  found  in  the  liver,  mesenteric  glands,  cervical  glands, 
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or  the  lungs.  Hogs  suffering  from  generalized  tuberculosis  had  to 
\>e  C4)iidemned  as  unfit  for  human  food.  On  this  account  it  bet^ame 
very  desirable  to  find  the  cause  of  this  disease.  As  the  hogs  at  the 
almshouse  were  supposed  to  be  fed  only  upon  barley,  <(om  meal, 
cooked  potatoes,  and  some  green  fodder,  the  food  was  not  at  lirst 
suspected.  The  stalls  were  in  very  good  condition;  nevertheless, 
before  the  introduction  of  fresh  hogs  they  were  cleansed  with  hot 
soda  solution  and  disinfect«d  with  carbolic  acid,  and  fresh  lime  was 
scattered  over  them.  One  day,  quite  accidentally,  Clausen  noticed 
that  the  refuse  from  the  hospital  portion  of  the  institution,  in  which 
a  number  of  tuberculous  patients  were  being  cared  for,  was  thrown 
out  to  the  hogs.  He  forbade  the  further  continuance  of  this  prac- 
tice, and  never  found  another  tuberculous  hog  at  that  institution. 
As  a  result  of  this  observation  the  author  is  convinced  that  hop) 
may  contract  tuberculosis  directly  from  men.  lie  consulted  his  day- 
l>ook  and  found  that  hogs  which  had  been  cnretl  for  by  men  suffering 
with  tuberculosis  often  showed  that  disease  when  slaughtered. 

Tjaden '  reviews  the  statistics  concerning  primary  intestinal  tul)er- 
culosis  ill  children  and  also  reports  some  experiments  conducted  by 
himself  in  collaboration  with  Hertel  and  Koske.  They  fe<)  milk 
from  tuberculous  cows  to  sixteen  young  pigs.  Only  one  of  these 
developed  a  primary  intestinal  tuberculosis.  The  others  had  an  infec- 
tion of  the  mesenteric  and  also  of  the  cervical  lymph  glands.  From 
this  fact  the  author  infers  that  a  great  number  of  the  cases  of  tuber- 
culosis of  the  cervical  glands  in  children  may  be  caused  by  tuberculous 
milk,  and  that  infection  through  the  food  is  not  always  indicated 
by  tuberculosis  of  the  intestines. 

Nocard '  used  six  monkeys  of  the  same  origin  for  an  experiment, 
which  was  briefly  as  follows:  Three  of  the  monkeys  were  reserved 
as  checks.  They  remained  perfectly  healthy.  The  other  three, 
which  were  fed  several  rations  containing  a  small  amount  of  a  cul- 
ture of  bovine  tubercle  bacilli,  became  tuberculous  after  a  short 
time.  The  localization  of  the  lesions  thus  i>roduced  showed  clearly 
t^t  the  intestinal  mucous  membrane  was  the  entrance  point  of  the 
virus,  and  there  can  be  no  doubt  that  the  infection  was  the  result  of 
eating  the  infected  food.  The  monkeys  showed  tlie  same  suscepti- 
bility to  bovine  tuberculosis  that  is  seen  in  all  other  mammals; 
therefore,  in  Nocard's  opinion,  we  have  no  right  to  suppose  that  there 
is  a  difference  in  the  case  of  children.  The  milk  from  a  cow  suffering 
with  udder  tuberculosis  must  be  considered  as  especially  dangerous. 

CipoUina '  records  the  results  obtained  by  feeding  an  ape  with 
cow's  milk,  to  which  had  been  added  a  pure  culture  of  bovine  tubercle 
bacilh  in  the  proportion  of  1  6se  to  150  c.  c.  of  milk.  This  feeding 
was  kept  up  for  a  month,  the  tubercle  bacilli  being  administered 
every  other  day.     Before  the  feeding  commenced  the  animal  was 
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crawling,  which  facilitates  the  breathing  of  dust  charged  with  tubercle 
bacilli. 

Heller  shows  the  infectiousness  of  bovine  tuberculosis  for  man  in  a 
very  striking  and  well-investigated  case,  in  which  a  man  who  pricked 
milk  into  his  skin  in  order  to  remove  tattoo  marks  developed  lupus 
at  the  point  of  inoculation.  On  the  ground  of  these  investigations 
Heller  strongly  opposes  a  relaxation  of  the  former  regulations  for  the 
control  of  bovine  tuberculosis. 

INOC(.'I_lTION    EXPEBIUBN-re. 

Cipollina*  describes  the  inoculation  of  a  calf  with  a  culture  of  human 
tuberculosis;  details  not  given.  The  inoculation  was  made  in  the 
following  manner:  The  animal  was  allowed  to  inhale  tubercle  bacilli 
through  an  opening  in  the  trachea,  and  also  re<':eived  an  intraperi- 
toneal injection  of  10  v.  c.  of  the  same  culture.  After  twenty  days 
the  animal  was  well  and  was  inoculated  for  the  second  time  intraperi- 
toneally  with  20  c.  c.  of  the  same  culture.  The  animal  died  after 
two  months,  but  showed  no  signs  of  tuberculosii).  The  author  con- 
cludes that  cattle  are  ver>'  resistant  to  human  bacilli,  but  in  the  light 
of  researches  upon  ordinary  experimental  animals  he  believes  that 
the  human  bacillus  may  infect  all  animals  that  are  susceptible  to  the 
bovine  bacillus,  the  only  difference  being  that  the  latter  is  almost 
always  more  virulent  than  the  former.  This  explains  why  cattle  can 
resist  human  tuberculosis  and  succumb  to  bovine  tuberculosis,  and 
what  is  true  of  other  animals  is, probably  also  true  of  man.  The 
bacillus  of  bovine  tuberculosis  is,  therefore,  more  virulent  for  man 
than  the  human  bacillus  itself. 

Bang"  noted  the  following  in  regard  to  his  experiments  upon  the 
transmission  of  human  tuberculosis  to  cattle.  In  two  instances 
human  tuberculosis  was  inoculated  into  the  anterior  chamber  of  the  eye 
of  calves  with  positive  results.  In  the  first  case  the  material  was  taken 
from  a  tuberculous  human  lung.  A  guinea  pig  was  inoculated  with 
this  material  and  the  spleen  of  this  guinea  pig  furnished  material  for 
the  inoculation  in  botii  eyes  of  an  8-weeks-old  calf.  The  primary 
inflammation  was  unimportant  and  quickly  disappeared,  but  about 
eighteen  days  later  a  severe  tuberculous  iritis  and  conjunctivitis 
developed.  After  about  seven  weeks  the  calf  was  killed.  At  the 
autopsy  both  eyes  showeil  a  distinct  tuberculous  iritis.  The  other 
organs  of  the  body,  however,  exhibited  no  changes.  In  the  second 
case  Bang  injected  into  the  anterior  chamber  of  the  eye  of  an 
8-weeks-old  calf  some  pus  which  was  obtained  from  the  tuberculous 
lymph  gland  of  a  child.  The  result  was  quite  similar  to  that  in  the 
first  case.  The  pus  was  (juickly  absorbed  and  a  week  after  the  inocu- 
lation the  eye  «as  apparently  in  a  normal  condition.  Three  weeks 
after  the  inoculation  a  tuberculous  iritis  developed  and  was  followed 
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hy  a  keratitis  and  a  conjunctivitis.  Four  and  one-half  months  after 
the  inoculation  the  iris  was  studded  with  white  iitMlules. 

Both  of  these  cases  show  that  human  tiilKTeiiliisis  is  communicHhle 
to  cattle.  They  indicate  also,  however,  that  hinnari  tiiben'ulosis 
pursues  a  slower  and  more  benign  course  in  cattle  than  the'true  l>ovine 
tuberculosis. 

Orth'''  reports  the  following  experiments:  Three  calves,  three  hogs, 
and  three  goats  were  used.  The  animals  were  all  obtained  from  yards 
which  were  known  to  be  free  from  infection,  and  the  calves  gave  a 
negative  reaction  to  the  tuberculin  test  shortly  before  the  commence- 
ment of  the  experiments.  The  infectious  material  was  obtained  from 
a  case  of  phthisis  cavernosa  by  inoculating  a  guinea  pig  and  then 
obtaining  cultures  from  this  animal  upon  brain  and  other  media.  In 
the  experiments  bouillon  cultures  <if  the  tirganismswere  used  and  in 
some  cases  tuberculous  organs  from  rabbits  which  had  been  injected 
with  such  cultures. 

Of  the  three  calves,  the  first  one,  which  received  a  bouillon  culture, 
injected  into  the  lung  through  the  tra<^hea,  gave  an  entirely  negative 
result.  The  second,  which  was  inoculated  between  the  abdominal 
muscles  with  a  suspension  of  the  pure  culture,  showed  only  a  local 
caseous  abscess.  Both  animals  were  killed  five  and  one-half  months 
after  the  beginning  of  the  experiment.  The  third  calf,  which  was 
inoculated  in  the  peritoneal  cavity  with  two  pieces  of  tuberculous 
kidney  from  a  rabbit,  died  on  the  twenty-sixth  day  of  a  general 
tuberculous  peritonitis.  The  serous  membranes  were  covered  with 
miliary  and  submiliary  tubercles.  The  great  omentum,  which  was 
adherent  to  the  peritoneum,  was  sprinkled  throughout  with  nodules. 
Small  nodules  were  visible  on  the  serous  membrane  of  the  intestines. 
The  mesenteric,  portal,  and  cardiac  lymph  glands  were  much  enlarged 
and  showed  grayish-white  nodules  upon  section.  The  retrosternal 
lymph  glands  were  much  enlarged  and  congested,  and  small  nodules 
were  visible  upon  section.  The  left  shoulder  gland  and  other  lymph 
glands  were  swollen  and  some  exhibited  tuberculous  changes.  The 
other  organs  were  free  from  tuberculosis.  The  microst^tpic  examina- 
tion of  the  peritoneal  nodules  and  the  various  lymph  glands,  especially 
the  retrosternal  and  submaxillary  glands,  showed  typical  tuberculous 
granulations  containing  giant  cells  and  many  tubercle  bacilli,  which 
were  especially  abundant  in  the  giant  cells. 

The  guinea  pig  inoculated  from  this  calf  died  within  a  few  days,  so 
that  this  experiment  could  not  be  carried  further.  It  can  be  said, 
however,  that  human  tuberculosis  has  been  communicated  to  a  calf, 
and  not  simply  a  local  disease,  but  a  progressive,  fatal  tuberculosis  was 
produced.  There  can  be  no  doubt  that  this  calf  was  infected  with 
human  tuberculosis,  for  in  the  author's  various  experimental  animals 
DO  case  of  spontaneous  tuberculosis  had  developed  and  no  bovine 
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inoculations  had  been  made.  The  condition  of  the  calf  could  not  be 
ascribed  to  the  action  of  dead  bacilli,  for  the  bacilli  with  which  the 
calf  was  inoculated  were  inclosed  in  a  tuberculous  kidney  tissue  and 
must  have  spread  over  the  entire  peritoneum  and  also  to  portions  of 
the  body  far  removed  from  tlie  point  of  inoculation. 

In  the  case  of  the  three  hogs,  the  two  which  were  inoculated  intra- 
peritoneally  with  the  bouillon  culture  gave  practically  negative  results. 
The  third  hog  was  inoculated  through  the  trachea  into  the  lungs  with  a 
bouillon  culture.  After  five  and  one-half  months  the  animal  was 
killed.  In  the  thymus  gland  and  in  the  membranes  around  it  there 
were  many  yellowish  tuberculous  nodules.  The  left  lung  was  free 
from  tuberculosis,  but  in  the  inferior  lobe  of  the  right  lung  there  were 
found  a  large  number  of  submiliary  and  miliary  tubercles.  No  other 
tuberculous  changes  were  found.  The  microscopic  examination  of 
the  nodules  presented  a  typical  picture  of  tuberculous  granulations 
containing  giant  cells  and  exhibiting  a  central  caseation.  Tubercle 
bacilli  were  present. 

The  three  goats  all  showed  tuberculosis  following  inoculation, 
though  it  is  worthy  of  note  that  the  two  most  marked  cases  resulted 
from  inoculation  with  the  tuberculous  oi^ans  of  a  rabbit.  The  first 
animal,  which  was  inoculated  with  a  bouillon  culture  through  the 
trachea  into  the  lung,  showed  a  number  of  subcutaneous  nodules  near 
the  point  of  inoculation,  a  large  caseous  nodule  in  the  thymus  giand 
and  a  number  of  yellowish  gray  nodules  in  the  inferior  lobes  of  the 
right  and  left  lungs.  No  lesions  were  found  in  the  abdominal  viscera 
except  a  few  yellowish  nodules  in  the  liver,  which,  upon  microscopic 
examination,  were  found  to  be  tuberculous  in  character. 

The  second  goat  was  inoculated  intraperitoneally  with  a  small  piece 
of  lung  from  a  tuberculous  rabbit.  The  animal  was  killed  after  five 
months  and  showed  the  following  lesions:  A  number  of  nodules  in  the 
muscles  and  subcutaneous  tissue  at  the  point  of  inoculation.  A 
number  of  small  grayish,  translucent  nodules  were  found  scattered 
through  the  omentum.  They  were  found  especially  in  the  portion 
near  the  stomach  and  some  of  them  hung  by  small  pedicles  resembling 
polypi.  Similar  changes  were  found  in  smaller  number  on  the  dia- 
phragm and  in  the  neighborhood  of  the  lymph  glands  surrounding  the 
heart.  On  the  pleural  surface  of  the  diaphragm  these  nodules  occurred 
singly.  On  the  anterior  border  of  the  liver  near  the  gall  bladder  there 
was  found  a  nodule  about  the  size  of  a  pea.  Microscopic  examination 
showed  the  nodules  to  be  tuberculous  granulations  containing  giant 
cells  with  a  necrotic  center  and  often  lime  salts  were  present.  Bacilli 
were  found,  although  in  small  numbers. 

The  greatest  changes  were  toimd  in  the  third  goat,  which  waa 
inoculated  with  the  same  tuberculous  kidney  with  which  calf  No.  3 
was  inoculated.    A  fragment  about  the  size  of  a  bean  was  intro- 
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ducod  into  the  peritoneal  cavity  of  the  goat.  The  animal  was  killed 
at  the  Piid  of  five  and  one-lialf  months.  A  number  of  tubercles  were, 
found  around  the  point  of  inoculation.  There  was  a  large  group  of 
caseous  nodules  on  the  adjoining  surface  of  the  stomach,  numerous 
caseous  nodules  in  the  omentum,  many  of  these  latter  having  small 
pedicles.  There  were  some  nodules  and  granulation  tissue  attached 
to  the  capsule  of  the  liver.  The  interior  of  this  organ,  however,  was 
free  from  tuberculosis.  The  retroperitoneal  lymph  glands  were  very 
lat^e  but  not  caseous.  All  other  organs  appeared  to  be  normal. 
Nodules  from  the  various  diseased  areas  were  examined  microscopic- 
ally and  showed  tuberculous  new  formations  with  giant  cells,  central 
necrosis,  and  calcification.  Tubercle  bacilli  were  easily  demon- 
strated. There  can  be  no  doubt  as  to  the  tuberculous  character  of 
the  lesions  described  nor  that  they  were  produced  by  human  tubercle 
bacilli.  Therefore  the  author  takes  issue  with  Koch's  statement  that 
tuberculosis  of  man  can  not  be  communicated  to  cattle. 

To  answer  the  question  as  to  whether  he  has  really  obtained  a 
perlsiicht  or  simply  a  tuberculosis  different  from  that  of  cattle,  the 
author  points  out  that  in  the  third  goat  the  abdominal  lesions  were 
entirely  of  the  perlsucht  character.  He  also  points  to  the  case 
reported  by  Baumgarten  in  which  by  injection  of  perlsucht  bacilli 
into  cattle,  a  generalized  miliary  tuberculosis  was  produced  without 
any  resemblance  to  the  typical  perlsucht.  The  morphological  changes 
can  not  be  relied  upon  to  differentiate  between  human  and  bovine 
tuberculosis,  because  these  changes  depend  upon  the  condition  of  the 
animal  as  well  as  upon  the  organism  itself.  How  little  the  perlsucht 
form  of  a  tuberculous  disease  is  dependent  upon  the  perlsucht  bacillus 
has  been  shown  by  Troje  and  Tangl  who,  by  subjecting  human  tuber- 
cle bacilli  to  the  vapor  of  iodoform,  succeeded  in  producing  a  typical 
perlsucht  in  rabbits. 

Orth  concludes  that  it  is  proven  that  human  tuberculosis  can  be 
communicated  to  cattle.  It  must  be  remembered  also  that  the  dan- 
ger of  the  communication  of  bovine  tuberculosis  depends  not  only 
upon  the  transmission  of  bovine  bacilli,  but  also  upon  the  constitu- 
tion of  the  person  who  is  exposed  to  them. 

Fibiger  and  Jensen'"  report  the  results  of  their  experiments  with 
human  tuberculous  material  obtained  fiom  the  various  hospitals  of 
Copenhagen.  They  report  in  all  five  cases  of  tuberculosis  in  the 
following  subjects:  (!)  42-year-old  woman,  (2)  11-year-old  girl,  (3) 
6-year-old  boy,  (4)  19-months-old  girl,  and  (5)  4-months-old  hoy. 
In  all  of  these  cases  the  infection  appears  to  have  begun  in  the  intes- 
tines and  in  some  the  disease  was  practically  confined  to  the  abdomi- 
n^  organs. 

(I)  A  3-months-old  calf  was  inoculated  in  the  thoracic  cavity  with 
a  suspension  made  from  a  mesenteric  gland  of  case  No.  1.     This  calf 
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remained  apparently  in  good  condition  and  was  killed  at  the  end  of 
six  months.  Two  mihary  tubercles  were  found  on  the  pleura  and  a 
few  frpsh  pearl  nodules  were  found  on  the  pulmonary  pleura;  other- 
wise the  animal  was  in  good  health. 

(2)  A  3-month9-oUi  calf  whicfi  had  been  subjected  to  the  tuber- 
culin test  was  inoculated  intraperitoneally  with  a  suspension  made 
from  the  spleen  of  a,  guinea  pig  which  had  been  inoculated  with  a 
mesenteric  gland  from  case  No.  2.  The  health  of  the  calf  was  not 
visibly  affected  by  the  inoculation.  It  was  kihed  at  the  end  of  the 
fifth  month.  In  the  omentum  was  found  a  lai^e  number  of  small 
red  growths  and  about  twenty  small,  fresh,  pearl  nodules.  On  the 
diaphragm,  also,  there  were  some  small  nodules  and  excrescences;  on 
the  pulmonary  pleura  a  few  excrescences. 

(3)  A  calf  2  to  3  months  old  which  had  withstood  the  tuberculin 
test  was  inoculated  intraperitoneally  with  a  suspension  made  from 
the  spleen  of  a  guinea  pig  which  had  been  inoculated  from  case 
No.  3.  There  were  no  acute  symptoms  following  the  inoculation, 
although  at  the  end  of  three  weeks  and  later  there  was  a  slight 
rise  in  temperature.  The  calf  was  killed  about  the  end  of  the  fifth 
month.  The  omentum  was  filled  with  tuberculous  new  growths  and 
showed  countless  small  nodules  of  varying  size.  All  lesions  were 
recent;  a  few  showed  traces  of  caseation.  There  were  some  small 
Dodules  found  on  other  portions  of  the  peritoneum.  The  surface  of 
the  spleen  and  liver  was  covered  with  small  pearl  nodules,  as  was  the 
diaphragm.  Some  of  the  mesenteric  glands  were  enlarged.  In  the 
lungs  a  few  small  areas  of  atalectasis;  no  tuberculosis.  The  bron- 
chia! and  posterior  mediastinal  glands  were  enlarged  but  showed  do 
caseation. 

(4)  A  calf  2  to  3  months  old  which  had  been  subjected  to  the 
tuberculin  test  was  inoculated  subcutaneously  on  the  right  side  of 
the  neck  with  a  suspension  made  from  the  mesenteric  gland  of  case 
No.  ■^.  The  animal  showed  no  very  marked  symptoms  following 
the  inoculation  and  was  killed  at  the  end  of  the  seventh  month. 
There  was  a  large  caseous  mass  at  point  of  inoculation.  The  neigh- 
boring glands  were  enlai^d,  caseous,  and  calcified.  The  lungs  had 
scattered  through  them  many  small  miliary  nodules  and  there  were 
a  number  of  excrescences  attached  to  the  pulmonary  pleura.  No 
caseation  in  these  excrescences.  The  bronchial  and  posterior  medi- 
astinal glands  were  enlarged,  hard,  and  dotted  with  fresh  caseous 
and  calcified  nodules.  The  liver  and  spleen  had  scattered  through 
them  miliary  tubercles.  The  omentum  was  filled  with  fine,  diffused, 
red,  new  growths.  In  the  mesenteric  glands  there  was  no  evidence 
of  tuberculosis. 

(5)  Two  10-days-old  calves  were  inoculated  subcutaneously  on 
the  side  of  the  neck  with  a  suspension  made  from  a  mesenteric  gland 
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from  case  No.  5.  Both  of  these  animals  died  within  three  weeks  of 
the  inoculation  and  evidently  from  secondary  infection.  Although 
the  calves  died  so  soon  there  developed,  nevertheless,  a  considerable 
local  tuherculosis  rich  in  bacilli 

From  calf  No.  2,  case  5,  a  third  calf  was  inoculated  and  from  calf 
No.  1  an  old  cow  was  inoculated.  Calf  No.  3,  inoculated  from  calf 
No.  2,  was  fourteen  days  old  and  was  injected  subcutaneously  in 
the  right  side  of  the  neck.  A  large  abscess  formed  at  the  point  of 
injection.  At  the  end  of  about  two  months  the  calf,  being  in  a 
dying  condition,  was  killed.  The  autopsy  showed,  in  addition  to 
the  local  lesions,  tuberculosis  of  the  adjacent  lymph  glands.  There 
were  many  new  gr()wths  on  the  costal  and  pulmonary  pleura  and 
also  on  the  pulmonary  surface  of  the  diaphragm.  The  lungs  con- 
tained a  countless  number  of  minute  nodules,  some  of  which  were 
as  large  as  hemp  seed.  The  bronchial  and  mediastinal  glands  were 
enlarged  and  caseous.  The  liver,  spleen,  and  kidneys  had  miliary 
tubercles  scattered  through  them.  The  intestinal  wall  was  very 
rich  in  fresh  nodules  and  small  superficial  ulcerations.  The  mesen- 
teric glands  were  enlarged  and  tuberculous.  The  omentum  was  rich 
in  small  new  growths. 

A  cow  about  10  years  old,  inoculated  on  the  left  side  of  the  neck 
with  material  from  calf  No.  1,  developed  a  phlegmonous  abscess  at 
the  point  of  inoculation  which  was  accompanied  by  fever,  and  tuber- 
cle bacilli  were  found  in  the  pus.  At  the  end  of  four  months  the 
cow  was  killed.  In  addition  to  the  local  abscess  the  neighboring 
glands  were  enlarged,  caseous,  and  calcified.  Miliary  tubercles  were 
scattered  through  the  lungs.  In  the  posterior  mediastinal  gland  a 
nodule  was  found  the  size  of  a  pea;  in  the  liver,  a  small  number  of 
miliary  tubercles.     The  other  organs  were  normal. 

Thus,  in  three  cases  of  tuberculosis  in  children  the  bacilli  present 
were  virulent,  some  of  them  in  the  highest  degree,  for  calves,  and 
it  is  probable  that  the  disease  in  the  children  was  caused  by  bacilli 
which  came  from  cattle.  In  the  five  cases  the  greatest  variation  in 
virulence  for  calves  was  found,  ranging  from  nothing  to  the  highest 
degree,  and  it  is  especially  noteworthy  that  the  virulence  of  these 
bacilli  seemed  to  decrease  as  the  age  of  the  patient  increased.  Koch 
claimed  that  one  could  distinguish  between  human  and  bovine  tuber- 
culosis by  inoculating  calves  subcutaneously.  If  this  is  true,  then 
three  of  the  cases  above  cited  must  be  considered  as  perlaucht,  and 
the  assertion  that  tuberculosis  of  cattle  is  not  virulent  for  men  is 
disproved. 

Karlihski "  succeeded  in  communicating  tuberculosis  to  cattle  by 
means  of  human  tuberculous  virus  ten  times  in  twenty-three  at- 
tempts. The  mode  of  inoculation  varied.  Some  of  the  animals 
were  inoculated  intraperitoneally,  some  intra pleurally,  some  intra- 
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tracheallj,  some  into  the  udder,  and  aome  subcutaneously.  He 
compared  the  cultures  of  human  and  bovine  tubercle  bacilli,  but 
found  absolutely  no  difference  between  them,  either  microscopically 
or  macroscopically,  except  in  the  rapidity  of  growth.  He  considers 
that  the  chief  difference  is  the  greater  resistance  of  cattle  to  human 
than  to  boyine  bacilli.  He  has  attempted  to  increase  the  virulence 
of  the  human  tubercle  bacillus  by  passing  it  through  calves.  With 
this  object  in  view  he  inoculated  one  calf  subcutaneously  and  intra- 
peritoneally  at  the  same  time.  At  the  end  of  two  months  the  ani- 
mal showed  a  distinct  tuberculin  reaction  and  was  killed,  and  tuber- 
culous changes  were  found  in  the  mesenteric  glands,  liver,  and  spleen; 
some  of  the  lesions  showed  a  caseous  degeneration.  He  recovered  a 
culture  from  this  animal  and  inoculated  a  second  calf.  This  calf 
showed  a  tuberculin  reaction  in  less  than  a  month,  but  was  allowed 
to  live  until  the  end  of  two  months,  when  it  was  killed  and  showed 
a  much  more  generalized  tuberculosis  than  was  found  in  the  first 
animal,  thus  indicating  that  this  particular  tubercle  culture  had  been 
increased  in  virulence  by  its  pass^e  through  a  calf. 

Thomassen,"  in  the  spring  of  1899,  tested  two  calves,  aged  8  and 
4  weeks,  with  tuberculin,  obtaining  negative  results.  The  milk 
with  which  these  animals  were  fed  was  taken  from  a  cow  which  did 
not  react  to  tuberculin.  The  8-weeks-old  calf  received  intraabdomi- 
nally  a  culture  upon  glycerinized  potato  which  was  derived  from  the 
cerebral  exudate  of  a  child  affected  with  tubercular  meningitis.  The 
animal  remained  well  and  was  tested  with  tuberculin  after  two 
months  and  gave  a  good  reaction.  When  the  animal  was  killed, 
however,  one  month  later,  notwithstanding  a  most  careful  post- 
mortem examination,  no  trace  of  tuberculoaLs  was  found.  The  calf 
4  weeks  old  was  inoculated  in  the  anterior  chamber  of  the  eye  with 
a  culture  of  tuberculosis  upon  glycerinized  potato  which  was  derived 
from  a  case  of  tuberculous  arthritis.  After  about  a  month  this  ani- 
mal was  tested  with  tuberculin,  but  failed  to  react.  It  was  killed  a 
short  time  afterwards  and  found  to  be  affected  with  a  generalized 
tuberculosis.  The  progress  of  the  infection  from  the  eye  to  the 
lungs  was  easily  traced  through  the  chain  of  lymphatic  glands. 

Some  months  later  a  cow  about  2  years  old,  in  perfect  health, 
was  tested  with  tuberculin  and  did  not  react.  Shortly  afterwards 
this  animal  was  injected  in  the  trachea  with  a  culture  of  tubercu- 
losis grown  upon  potato.  This  culture  was  obtained  from  a  case 
of  human  renal  tuberculosis.  After  two  months  a  tuberculin  injec- 
tion failed  to  produce  reaction.  A  few  days  after  this  second  tuber- 
culin test  a  culture  was  injected  into  the  thorax  and  into  the  abdomi- 
nal cavity.  In  making  the  abdominal  injection  some  of  the  material 
was  deposited  in  the  muscular  tissue.  As  a  result  of  this  an  abscess 
containing  purulent  material  formed  and  was  found  to  contain 
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tubercle  bacilli.  After  five  montliB  the  animal  was  tested  with 
tuberculin  without  reaction.  About  ten  months  after  this  the  animal 
was  killed  and  showed  not  the  slightest  trace  of  tuberculosis.  A 
fourth  cow,  2  years  old,  was  tested  with  tuberculin  without  reaction, 
and  a  culture  of  tuberculosis  obtained  from  a  case  of  renal  disease 
in  a  man  was  injected  into  the  anterior  chamber  of  the  eye.  This 
animal  after  two  months  gave  a  marked  tuberculin  reaction,  and 
was  in  very  bad  health.  Six  months  after  the  inoculation  the  animal 
was  killed.  There  were  tuberculous  lesions  in  the  eye  and  in  one 
bronchial  gland,  but  unfortunately  a  histological  examination  could 
not  be  made.  Thomassen's  experiments  show  that  it  is  difficult, 
but  not  impossible,  to  produce  tuberculosis  in  cattle  by  means  of 
cultures  of  the  human  bacillus.  He  thinks  the  much  greater  viru- 
lence of  the  bovine  bacillus,  which  is  generally  admitted,  should 
urge,  contrary  to  the  advice  of  Koch,  a  most  rigid  inspection  of  all 
meat  and  miU(. 

Arloing"  inoculated  thirty-three  animals  of  various  species  with 
baciUi  of  human  origin.  The  results  were  positive  in  every  instance. 
Five  separate  cultures  of  human  tuberculosis  were  used,  cattle, 
sheep,  goats,  donkey^  and  hogs  were  infected  by  intravenous  injec- 
tions and  exhibited  tuberculous  lesions  of  different  degrees.  The 
human  cultures  varied  greatly  in  virulence,  but  microscopic  exami- 
nation demonstrated  that  even  the  weakest  had  produced  true 
tuberculous  lesions.  Compared  with  injections  of  bovine  virus  it 
can  be  said  that,  as  a  rule,  the  bovine  virus  is  more  virulent  than 
the  human,  as  all  of  the  animals  inoculated  with  bovine  tubercu- 
losis died  within  forty-four  days,  at  the  most,  and  the  majority  of 
those  inoculated  with  human  bacilli  were  killed.     Arloing  concludes: 

(1 )  Humui  tuberculosU  \a  infectious  for  cattlr,  nnd  at  tiiii<?9,  by  rrrtain  nirttiod)  of 
inocuJation,  it  brings  about  lesions  having  thp  cbaractiT  of  bovine  tubercuiosis. 

(2 )  The  hiunu)  b«cilluH  is  not  always  of  the  same  virulcnw  and  dora  not  show  the  aune 
degree  of  activity  toward  difTerent  species  of  herbivora. 

(3)  In  some  cases  human  bacilli  are  as  virulent  as  geniis  of  bovine  origin.  In  other 
instBDcee,  on  the  contrary,  the  virulence  is  bo  reduced  that  it  appeara  to  be  nil,  especially 
for  the  bovine  species. 

(4)  Human  bacilli  of  attenuated  virulence  alvays  produce  in  the  lung  at  least,  follow- 
ing intravenous  injections,  leaions  which  are  visible  with  the  microscope. 

(5)  The  vuiationa  in  the  virulence  of  the  1>acilluH  account  for  the  apparent  negative 
reeulta  which  have  led  Messrs.  Koch  and  Schiiti  to  beiievo  in  the  duality  of  species.  The 
unity  of  human  and  bovine  tuberculosis  should  be  maintained,  and  prophylactic  measures 
which  arise  therefrom  should  bo  continued,  especially  with  regard  to  the  use  of  milk. 

Ravenel"  describes  two  cultures  of  the  tubercle  bacillus  obtained 
from  the  mesenteric  glands  of  two  children.  One  (culture  B  B) 
he  found  to  be  quite  as  virulent  for  calves  upon  intravenous  inocu- 
lation as  the  bovine  bacillus,  and  the  other  (culture  U)  had  a  viru- 
lence decidedly  above  that  of  the  ordinary  human  cultures.    Culture 
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B  B  corresponded  morpholo^cally  and  culturally  more  nearly  to 
the  bovine  type  than  to  the  human.  He  also  reports  the  results 
of  another  experiment  made  by  Dr.  Leonard  Pearson,  in  which  a 
calf  received  large  amounts  (925  c.  c.  in  all)  of  a  human  tubercle 
culture  of  moderate  virulence  at  intervals  extending  over  a  period 
of  four  months,  in  the  form  of  subcutaneous,  intravenous,  intrapul- 
monary,  and  intraperitoneal  injections.  This  culture  after  suc- 
cessive passages  through  calves,  showed  a  great  increase  in  virulence. 

StenstrOm "  records  experiments  upon '  calves  of  reaction-free 
cows  which  were  raised  on  boiled  milk.  Eight  of  these  calves  were 
inoculated  in  various  ways  with  tuberculous  sputum  which  was 
rich  in  tubercle  bacilli.  Three  of  the  calves  died  shortly  after  inocu- 
lation and  were  left  out  of  count.  The  remaining  five  were  slaugh- 
tered six  months  after  inoculation,  and  the  autopsies  showed  the 
following  results:  Calf  No.  820,  inoculated  into  the  lung,  showed 
many*  tuberculous  adhesions  upon  the  costal  and  diaphragmatic 
pleura,  as  well  as  tuberculous  areas  in  the  mediastinal  glands.  Calf 
No.  833,  infected  by  intratracheal  injections,  showed  partly  calcified 
areas  in  the  anterior  and  posterior  mediastinal  glands  and  in  the 
bronchial  glands.  Calf  No.  224,  inoculated  intraperitoneally,  showed 
many  calcified  areas  in  the  omentum  and  enlargements  of  the  glands 
within  it,  a  fibrous  exudate  on  the  serous  membrane  of  the  peritoneal 
cavity,  many  tuberculous  areas  in  the  liver  the  size  of  a  pinhead, 
and  some  adhesions  on  the  surface  of  the  right  lung.  Calf  No.  94 
had  pulverized  sputum  sprayed  into  the  nose  and  showed  only  slight 
inHammution  of  the  pulmonary  pleura.  Calf  No.  818,  inoculated 
subcutancously,  showed  only  a  large  abscess  at  the  point  of  injection 
and  a  proliferation  of  tissue  around  this  ahsct^ss. 

These  results  differ  from  those  of  Koch.  None  of  Koch's  nineteen 
calves  showed  any  tuberculosis  of  the  internal  oi^ans  after  six  or 
eiglit  months;  only  a  small  pus  area  containing  a  few  tubercle  bacilli 
was  found.  Stenstn'tni  found  in  his  animals  that  the  tuberculosis 
spread  from  the  point  of  infection  to  the  internal  organs  and  lymph 
^ands,  and  also  to  the  serous  membranes.  Indeed,  in  No.  224 
tuberculous  areas  were  found  in  the  hver.  Koch's  assertion  that 
human  tuberculosis  is  different  from  bovine  tuberculosis,  and  that 
human  tuberculosis  can  not  be  communicated  to  cattle  is  opposed 
by  this  investigator,  who  found  it  quite  easy  to  infect  cattle  with 
human  tuberculosis,  although  he  recognizes  that  human  tubercle 
bacilli  are  relatively  less  virulent  for  cattle  than  bovine  bacilli.  He 
believes  if  his  animals  had  been  allowed  to  live  longer,  and  had  been 
subjected  to  unfavorable  conditions  such  as  illness,  and  so  forth, 
the  disease  would  possibly  have  been  more  advanced.  In  other 
words,  a  generalized  tuberculosis  is  not  necessary  to  prove  that 
infection  has  taken  place,  as  it  b  well  known  that  bovine  tubercu- 
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losis  can  remain  local  for  many  years,  and  at  the  autopsy  only  a 
few  small  tuberculous  areas  in  the  lymph  glands  are  found. 

Nocard"  has  been  able  by  the  use  of  coUodton  sacs  containing 
human  or  bovine  tubercle  cultures  introduced  into  the  peritoneal 
cavity  of  fowls  to  transform  these  mammalian  tubercle  bacilli  into 
cultures  which  have  the  morphological  and  cultural  characteristics 
of  avian  tubercle  bacilli  and  which  possess  a  virulence  for  fowls 
equal  to  that  of  the  avian  tubercle  bacillus,  but  their  virulence  for 
g;iiine&  pigs  w&a  apparently  lost. 

Svensson"  attempted  to  infect  healthy  calves  with  tuberculous 
sputum  by  means  of  subcutaneous  intratracheal,  intraperitoneal, 
and  intrapulmonary  injections  or  through  the  inhalation  of  pulverized 
sputum.  About  six  months  after  the  beginning  of  the  experiment 
the.  animals  were  killed,  and  the  autopsies  showed  that  the  serous 
membranes,  as  well  as  the  lymph  glands  in  the  neighborhood  of  the 
inoculations,  were  tuberculous.  In  the  opinion  of  the  author  his 
experiments  show  that  the  human  tubercle  bacillus  possesses  rela- 
tively slight  \-irulence  for  cattle. 

Dean  and  Todd"  made  some  experiments,  the  object  of  which  was 
to  ascertain  whether  the  human  tubercle  bacillus  undergoes  any 
marked  change  in  virulence  for  cattle  by  passage  through  the  pig, 
cat,  rat,  rabbit,  or  mouse.  The  authors  give  an  account  of  their 
experiments  in  detail  and  reach  the  following  general  conclusions: 

(1)  That  the  hog  is  capable  of  contracting  a  rapidly  fatal  general- 
ized tuberculosis  as  the  result  of  infection  with  the  human  bacillus. 

(2)  That  the  human  tubercle  bacillus  is  not  markedly  increased 
in  virulence  for  the  calf  by  a  single  passage  through  the  pig,  cat,  rat, 
or  rabbit. 

(3)  That  the  human  tubercle  bacillus  is  by  no  means  innocuous  to 
the  calf,  as  the  control  animal  injected  directly  with  sputum  con- 
tracted an  extensive  glandular  tuberculosis. 

The  authors  used  tuberculous  sputum  for  all  of.  their  inoculations 
instead  of  pure  culture.  They  noted  that  sometimes  the  first  ani- 
mals in  a  series  died  earlier  than  those  inoculated  later  with  tissue 
from  the  first  animal.  They  explain  this  by  calling  attention  to 
the  fact  that  in  the  case  of  the  second  inoculation  the  tubercle  bacillus 
was  present  almost  always  alone,  whereas  in  the  sputum  inocula- 
tions at  the  beginning  of  the  series  many  other  bacteria  were  asso- 
ciated with  the  tubercle  bacillus,  and  the  earlier  death  of  the  first 
animals  in  some  cases  is  to  be  attributed  to  the  action  of  the  asso- 
ciated oigianisms  rather  than  to  a  more  exalted  virulence  of  the 
tubercle  bacillus. 

De  Jong "  describes,  in  the  latter  part  of  his  paper,  experiments 
which  he  made  with  a  bacillus  of  human  origin,  which  is  very  virulent 
15342— No.  52,  pt  2-0.5—^-5 


90  BUREAU    OF   ANIMAL   INDUSTRY. 

for  cattle.  The  material  was  obtained  from  a  peasant  woman  27 
years  of  age,  without  hereditary  taint,  whose  occupation  brought 
her  in  frequent  contact  with  animals.  This  woman  was  affected 
with  pulmonary  tuberculosis  and  a  guinea  pig  inoculated  with  some 
of  her  sputum  became  tuberculous.  Cultures  from  the  spleen  of 
this  guinea  pig  served  for  the  two  following  experiments: 

A  calf  6  weeks  old,  weighing  65  kilograms,  received  in  the  jugu- 
lar vein  6  c.  c.  of  an  emulsion  of  culture.  The  animal  had  not 
reacted  to  tuberculin.  Five  days  after  the  injection  the  temperature 
exceeded  40°  C,  and  it  remained  elevated  until  death,  which  took 
place  at  the  end  of  nineteen  days.  The  weight  had  fallen  to  53 
kilograms.  The  autopsy  showed  extensive  tuberculous  lesions  of 
the  lungs,  hver,  spleen,  kidneys,  and  lymphatic  glands.  On  the 
pleura  were  found  alterations  characteristic  of  the  early  stages  of 
pearl  disease. 

A  goat  which  was  likewise  perfectly  healthy,  weighing  17  kilo- 
grams, was  inoculated  in  the  jugular  vein  with  5  c.  c.  of  the  same 
emulsion.  This  animal  died  in  twelve  days  of  a  generalized  tuber- 
culosis. 

Two  other  inoculation  experiments  with  this  same  bacillus  are  also 
reported.  One  was  an  intrapulmonan,-  injection  of  a  calf  and  was 
followed  by  a  generalized  tuberculosis.  The  other  was  a  subcuta- 
neous inoculation  of  a  calf  with  the  same  culture,  death  taking 
place  at  the  end  of  fifty-six  days.  The  weight  had  fallen  from  5S 
kilograms  at  the  beginning  of  the  experiment  to  53  kilograms  at 
the  time  of  death.  The  autopsy  revealed  verj-  severe  generalized 
tuberculosb,  involving  the  lungs,  liver,  spleen,  kidneys,  and  lym- 
phatic glands. 

It  can  not  be  denied  that  the  above  case  of  human  tuberculosis  is 
an  instance  of  infection  by  the  bovine  bacillus,  or  by  a  human  bacillus 
which  possessed  equal  virulence  with  the  bovine  bacillus  for  cattle. 
Either  one  of  these  hypotheses  contradicts  the  theory  put  forth  bv 
Koch. 

Wolff"  mentions  a  case  of  primarj-  liuman  intestinal  tuberculosis, 
the  virus  from  which  produced  generalized  tuberculosis  in  a  calf. 
This  case  was  previously  reported  in  the  Deutsche  Med.  Wochen- 
schrift,  1902,  No.  32,  where  all  the  details  are  given  of  the  care  which 
was  taken  in  the  inoculation  of  the  vinis  into  a  tuberculosis-free 
calf  (tested  with  tuberculin} ;  also  of  the  clinical  course  of  the  disease 
which  followed  the  subcutaneous  injection  into  the  neck,  the  fact 
that  the  animal  twice  gave  an  exquisite  tuberculin  reaction  at  four 
and  eleven  weeks  after  injection,  and,  finally,  the  autopsy  upon 
the  calf  and  the  microscopic  examination  eighty-three  days  after 
the  beginning  of  the  experiment.  The  autopsy  showed  the  greatest 
alterations  at   the  point  of  inoculation,   and  in  the   inner  organs 


EXPERIMENTS   COHCERNINO   TUBERCULOSIS.  91 

changes  that  are  typical  of  perlsucht.  Briefly,  the  autopsy  record 
is  as  follows:  At  the  point  of  inoculation  in  the  neck  were  found 
the  oldest  lesions.  A  tumor  about  the  size  of  a  child's  head  with 
a  central  cavity  which  contained  a  caseous  pus,  the  cavity  sur- 
rounded by  a  thick  granulation  membrane  and  sprinkled  with  cal- 
careous deposits.  In  the  neighborhood  of  the  cavity  were  several 
glands  the  size  of  a  small  apple,  with  numerous  caseous  and  cal- 
careous nodules.  In  the  neighborhood  of  the  point  of  injection 
the  shoulder  glands  and  the  pharyngeal  glands  were  greatly  swollen 
with  caseous  and  calcified  nodules.  The  pleura,  pericardium, 
omentum,  and  the  capsules  of  the  spleen  and  liver  were  covered 
with  characteristic  tumors  which  varied  in  size  from  a  millet  seed 
to  lentil,  bean,  and  cherry  sized  nodules.  In  addition,  tumors  were 
found  on  the  serous  membranes  and  in  the  lung  tissue.  In  the  pulp 
of  the  spleen,  and  in  the  parenchyma  of  the  liver  and  kidneys,  miliary 
nodules  were  visible.  The  microscopic  examination  of  these  nod- 
ules frequently  showed  typical  epitheliod-celled  tubercles,  together 
K'ith  giant  and  round  cells,  their  structure  being  very  similar  to 
the  hujnan  tubercle.  Tubercle  bacilli  were  found  in  the  nodules 
of  all  the  organs.  Upon  section  and  examination  of  the  micro- 
scopic preparations,  caseation  and  calcification  of  the  tuberculous 
new  growths  at  the  point  of  injection  and  the  neighboring  glands 
were  found,  while  the  nodules  in  all  distant  organs  (pleura,  peri- 
cardium, lung,  omentum,  liver,  spleen,  and  kidneys)  were  still  fresh 
and  showed  neither  caseation  nor  calcification.  This  microscopic 
evidence  in  connection  with  the  identical  macroscopic  appearance, 
namely,  the  fact  that  the  calcification  and  caseation  were  found 
only  at  the  point  of  injection  and  in  the  neighboring  glands,  and, 
further,  the  clinical  symptoms  which  were  observed,  indicate  with 
certainty  that  the  tuberculous  process  began  first  of  all  at  the  point 
of  injection  and  spread  from  there,  producing  a  general  infection 
of  the  oi^anbm.  Taking  everything  into  consideration,  there  can 
be  no  doubt  that  here  b  a  case  of  virulent  perlsucht  in  a  calf,  which 
was  brought  about  by  the  inoculation  of  material  from  a  case  of 
primary  intestinal  tuberculosis  in  man.  According  to  Koch,  such 
an  inoculation  of  a  calf  with  tuberculous  material  from  such  a  case 
of  primary  intestinal  tuberculosis  will  enable  us  to  determine  posi- 
tively whether  the  infection  was  of  human  or  bovine  origin. 

The  author  concludes  his  paper  with  a  general  discussion  of  the 
tuberculosis  question,  and  takes  the  position  that  even  it  all  the 
experimental  proof  of  the  identity  of  human  and  bovine  tuberculosis 
is  faulty,  we  should  still,  so  long  as  there  is  any  doubt  about  the  trans- 
missibility  of  bovine  tuberculosis  to  man.  take  precautions  to  prevent 
possible  infection. 

Theobald  Smith",  in  a  recent  communication  to  the  Association  of 
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American  Physicians,  described  a  culture  of  tuberculosis,  isolated 
from  the  mesenteric  gland  of  a  child,  which  corresponded  morpho- 
logically and  culturally  quite  closely  to  the  bovine  bacilli  with  which 
it  was  compared.  A  steer  inoculated  intrathoracically  with  this  cul- 
ture became  quite  ill  and  was  killed  thirty-eight  days  after  the  inocula- 
tion. The  autopsy  and  subsequent  microscopic  examination  revealed 
tuberculosis  of  the  lungs,  mediastinal  lymph  glands,  the  liver,  and  the 
spleen.  The  pathogenic  power  of  the  culture  appeared  to  be  siightly 
belowthatof  the  ordinary  bovine  tubercle  bacillus,  but  it  undoubtedly 
possessed  the  ability  to  produce  a  genuine  tuberculosb  in  the  inocu- 
lated steer.  Doctor  Smith  is  of  the  opinion  that  this  organism,  on 
account  of  its  cultural  characters,  its  morphology,  and  its  pathogenic 
power,  should  be  considered  as  a  bovine  bacillus,  and  that  the  child 
from  whom  the  culture  was  obtained  was  probably  infected  directly 
from  cattle  through  milk. 

Park"  fed  tuberculous  sputum  to  four  nonreacting  calves  and  at 
the  same  time  inoculated  them  subcutaneously  with  similar  sputum. 
A  fifth  calf  served  as  a  control.  Aft^r  two  and  one-half  months  three 
of  the  calves  reacted  to  tuberculin.  At  the  autopsy  one  of  them  showed 
a  few  enlarged  lymph  glands,  but  without  tubercles.  The  others  had 
gained  in  weight.  The  tuberculin  reaction  in  these  cases  Park 
attributes  to  the  abscess  at  the  seat  of  inoculation. 

Mursajew"  conducted  a  number  of  experiments  to  determine  the 
relation  between  human  and  avian  tuberculosis.  Tie  isolated  a  num- 
ber of  avian  cultures  and  inoculated  guinea  pigs,  rabbits,  and  pigeons 
with  both  varieties.  He  found  that  pigeons  are  generally  fairly 
resistent  to  avian  tuberculosis  and  says  that  their  susceptibility  to 
human  tuberculosis  is  not  very  great,  although  their  susceptibility  to 
both  organisms  is  influenced  considerably  by  starvation.  A  passage 
of  human  tubercle  bacilli  through  the  pigeon's  body  does  not  increase 
their  virulence  for  pigeons.  Guinea  pigs  are  quite  susceptible  to 
both  forms  of  tuberculosis.  There  are  certain  slight  differences  in  the 
pathological  changes  produced  by  the  two  strains  of  tubercle  bacilli, 
but  they  are  slight  and  amount  to  very  little.  Of  five  rabbits  the 
author  succeeded  in  infecting  two  with  avian  tuberculosis.  He  does 
not  believe  that  the  virulence  of  tubercle  bacilli  is  increased  by  their 
passage  through  the  bodies  of  animals. 

Karlinski'"  reports  fourteen  attempts  to  communicate  tuberculosis 
to  cattle.  The  human  cultures  were  all  derived  from  sputum.  Cattle 
were  inoculated  by  different  methods,  some  intravenously,  some  intra- 
peritoneally,  some  subcutaneously.  Certain  cattle  were  inoculated 
with  the  human  bacillus  cultivated  directly  upon  Hesse's  medium 
without  passage  through  the  animal  body.  Others  were  inoculated 
with  the  same  cultures  which  had  been  passed  through  several 
guinea  pigs.     In  certain  instances  the  human  virus  was  transferred 
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from  one  calf  to  another  in  order  to  determine  tlie  effect  of  such  pas- 
sages upon  the  virulence  of  the  human  bacillus.  Certain  of  the  animal 
cultures  were  grown  upon  beef  serum  which  was  derived  from  an 
animal  which  had  been  previously  inoculated  with  human  tubercu- 
losis. The  author  considers  that  thirteen  out  of  fourteen  experi- 
ments were  successful  in  communicating  human  tuberculosis  to  cattle; 
also  that  the  virulence  of  the  tubercle  bacilli  was  sensibly  increased  by 
passage  through  guinea  pigs,  and  that  human  tubercle  bacilli  which 
have  passed  through  cattle  are  markedly  increased  in  virulence  for 
cattle.  As  a  result  of  these  experiments  Karlinski  states  that  it  is 
possible  to  communicate  human  tuberculosis  to  the  usually  resistant 
Bosnian  cattle;  that  the  disease  affects  primarily  the  lymph  system. 
but  a  generalized  tul>erculosis  may  be  produced  by  certain  means, 
such  as  increase  of  virulence  by  passage  through  guinea  pigs  or  cattle, 
and  by  intravenous  inoculations.  In  his  opinion  no  distinction  should 
be  made  between  human  and  bovine  tuberculosis. 

Fibiger  and  Jensen"  quite  recently  reported  experiments  with  5 
additional  human  tuberculosis  cultures.  These  cultures  were  obtained 
from:  (1)  A  man  (12  years  old,  who  died  of  primary  intestinal  tuber- 
culosis; (2)  a  girl  12  years  old,  who  died  of  a  generalized  tubercu- 
Idsis  which  apparently  originated  in  the  intestine;  (.3)  a  girl  7 
years  old,  who  died  of  a  tuberculosis  which  had  its  origin  in  the  intes- 
tine; (4)  a  man  40  years  old,  who  died  of  an  intestinal  tuberculosis; 
(o)  a  child  SJ  years  old,  who  died  of  a  generalizes!  miliary  tuberculosis. 

Material  taken  from  case  No.  1  was  apparently  completely  lacking 
in  virulence  lor  a  calf  when  inoculated  subcutaneously.  A  calf  inocu- 
lated Bubcutaneously  with  material  taken  from  a  mesenteric  gland  of 
case  No.  2  developed  a  tuberculosis  of  the  shoulder  gland  and  of  the 
inferior  glands  of  the  neck.  This  culture  evidently  possessed  little 
virulence  for  cattle.  The  spleen  of  a  guinea  pig  which  had  been  inocu- 
lated with  a  portion  of  a  mesenteric  gland  of  case  No.  3  caused  a  gener- 
alized tuberculosis  in  a  calf  on  subcutaneous  inoculation.  Material 
from  a  mesenteric  gland  from  case  No.  4  produced  generalized  miliarv' 
tuberculosis  in  a  calf  on  subcutaneous  inoculation.  A  portion  of  the 
liver  of  a  guinea  pig  which  contracted  tuberculosis  as  the  result  of 
inoculation  with  material  from  case  No.  5  was  used  for  the  subcutane- 
ous inoculation  of  a  calf  in  which  it  produced  a  localized  tuberculosis 
as-sociated  with  enlargement,  caseation,  and  calcification  of  the 
shoulder  and  of  the  neck  glands  on  the  side  of  inoculation. 

Among  the  ten  cases  quoted  by  Fibiger  and  Jensen  in  their  two 
papers,  we  find  that  of  the  four  adults  from  whom  material  was 
obtained  one  furnished  a  virus  which  was  capable  of  causing  a  gen- 
eralized tuberculosis  in  cattle.  The  other  three  were  either  entirely 
lacking  in  virulence  or  of  only  very  weak  virulence  for  cattle.  Of  the 
six  children, four  furnished  tubercle  bacilli  of  great  virulence  and  two 
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furnished  bacilli  of  low  virulence  for  cattle.  Eight  of  the  cases  of 
human  tuberculosis  were  apparently  due  to  a  primary  intestinal 
infection.  Out  of  five  cases  of  primary  intestinal  tuberculosis  in  chil- 
dren, four  furnished  bacilli  wliich  were  of  marked  virulence  for  cattle. 
The  German  Commission,  headed  by  Kossel ",  which  was  appointed 
to  inquire  into  the  various  questions  raised  by  Koch  in  his  London 
paper,  reported  the  isolation  of  thirty-nine  cultures  from  various  cases 
of  human  tuberculosis.  Nineteen  of  these  cultures  produced  no 
lesions  in  cattle  after  subcutaneous  inoculation;  nine  cultures  pro- 
duced verj'  slight  tuberculous  changes  in  the  prescapular  gland  adja- 
cent to  the  point  of  inoculation;  seven  cultures  caused  a  more  marked 
affection  of  the  prescapular  glands,  but  the  disease  did  not  spread  to 
other  portions  of  the  lymphatic  system;  and  the  remaining  four 
cultures  of  human  origin  caused  a  generalized  tuberculosis  in  the 
calves  which  were  inoculated  subcutaneously  with  them.  It  will  be 
seen,  therefore,  that  four  of  the  human  tuberculosis  cultures,  or 
slightly  more  than  10  per  cent,  produced  generahzed  tuberculosis  in 
cattle,  and  it  is  very  significant  that  these  four  most  virulent  cultures 
were  all  obtained  from  children,  who,  it  is  generally  admitted,  are 
in  more  danger  of  exposure  to  bovine  tuberculosis  through  food 
than  adults  who  consume  proportionately  very  much  less  milk. 


De  Haan",  after  a  few  subcutaneous  and  intravenous  inoculations 
of  goats,  cattle,  monkeys,  and  a  horse,  and  after  some  feeding  experi- 
ments with  monkeys,  a  pure  culture  of  human  tuberculosis  from 
sputum  being  used  in  all  cases,  formulates  the  following  conclusions: 

(1)  h  is  posaiblp  to  bring  about  In  Javanese  ^eta,  cattle,  and  horaes,  by  inoculation  with 
human  lulx^rcie  bacilli  from  .'iputuni,  certain  palholi^ical  changes  in  the  tissues  vhich, 
macrosciipieally  as  well  as  microscopically,  agree  perfectly  with  thp  lesions  found  in  Europe 
in  animals  which  have  been  infected  in  a  natural  manner.  Ilic  animals  which  showed 
thcNi-  changi^s  were  not  in  the  best  oF  health  at  the  time  of  inorulatlon.  PeKectly  health; 
sheep  and  cattle  were  able  to  resist  infection  with  thi>  tuberculous  niaterial. 

(2 )  There  does  not  exist  io  the  almve-nanied  animals  a  raci-  immunity  froni  tuberculosis. 
The  alisence  of  this  disease  among  the  animals  of  Java  must  be  aacribrdlo  other  causes. 

(3)  The  monkey  is  quite  susceptible  to  infection  with  tubercle  bacilli  of  human  orif^n. 

(4)  T^e  feeding  of  material  containing  tubercle  bacilli  can  give  rise  to  a  tuberculosis  of 
the  lungs  and  of  the  bronchial  lymph  glands,  together  with — 

(a)  A  tul)ereulosis  of  the  mesenteric  lyinph  glands  without  perceptible  change  in  the 

(b)  Without  any  other  localiiation  of  the  tuturculous  process. 

(."i)  The  lungs  are  the  point  of  predilection  for  the  development  of  tuberculosis. 

Delepine"  used  a  mixture  of  various  tuberculous  sputa,  because 
tubercle  cultures  are  apt  to  lose  in  great  part  their  virulence  and  abo 
because  tuberculous  material  from  man  varies  greatly  in  virulence. 
Six  different  specimens  of  sputa  were  obtained  from  the  Manchester 
Consumption  Hospital  and  thoroughly  mixed.     Four  calves,  wliich 
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had  not  been  t«sted  with  tuberculin  because  of  the  possibility  that 
tuberculin  might  prevent  the  disease,  were  inoculated— one  in  the 
lung,  one  aubcutaneously,  one  intraperitoneally,  and  one  was  fed 
milk  containing  tuberculous  sputum.  The  following  results  were 
reported:  Calf  No.  1,  which  received  5  c.  c.  of  sputum  mixture  in  the 
lung,  died  on  the  sixth  day  and  showed  on  postmort«m  generalized 
tuberculosis  which  could  not  be  referred  to  the  inoculation.  Calf 
No.  2,  which  received  5  c.  c.  of  the  mixture  under  the  skin  of  the  leg, 
died  on  the  sixth  day  and  showed  enlargement  of  a  gland  5  inches 
from  the  point  of  inoculation  and  no  other  trace  of  tuberculosis.  Live 
virulent  tubercle  bacilli  were  found  in  the  skin.  Calf  No,  3  received 
50  c.  c.  of  sputum  mixture  with  its  food  in  one  day;  died  on  the 
twenty-sixth  day;  tuberculosis  of  the  esophageal  glands,  which  con- 
tained virulent  tubercle  bacilli.  Calf  No.  4  received  5  c.  c.  of  sputum 
mixture  intraperitoneally.  Twenty-six  days  after  inoculation  did  not 
react  to  tuberculin;  sixty-eight  days  after  inoculation  gave  typical 
reaction;  killed  twenty  days  later  and  showed  plainly  tuberculosis' of 
the  peritoneum,  spreading  also  to  the  pleura  and  pericardium.  In 
addition,  some  lymph  glands  which  were  in  relation  with  the  perito- 
neum were  tuberculous. 

In  these  experiments  only  two  calves  lived  long  enough  to  give 
definite  results.  Both  of  these  calves  were  affected  with  tubercu- 
losis— one  from  feeding  and  the  other  from  intraperitoneal  injection 
with  human  tuberculous  sputum.  It  must  be  admitted  that  the 
value  of  Deh^pine's  work  is  very  seriously  affected  by  the  fact  that 
one  of  his  calves  died  a  few  days  after  the  beginning  of  the  experiment 
of  a  recently  developed  generalized  tuberculosis. 

Hamilton  and  Young'"'  for  their  experiments  selected,  first, calves 
varying  in  age  from  two  days  to  ten  weeks.  The  stall  in  which  the 
ariimals  were  kept  had  never  been  occupied  by  cattle  before.  The 
experimental  animals  were  fed  upon  milk,  some  meal,  and  a  small 
amount  of  hay.  The  milk  was  obtained  from  cows  which  had  not 
reacted  to  tuberculin,  and  everj-  endeavor  was  used  to  avoid  infection 
from  the  outside. 

First  experiment:  Five  calves  were  fed  with  milk  containing  human 
tuberculous  sputum.  Four  of  these  animals  were  killed  in  from  sixty- 
five  to  sixty-nine  days  after  the  beginning  of  the  feeding  and  showed 
tuberculous  changes  in  the  retrojjharyngeal,  mediastinal,  and  neck 
glands.  The  tuberculous  character  of  the  lesions  was  demonstrated 
by  the  presence  of  tubercle  bacilli  and  giant  cells  and  by  the  develop- 
ment of  tuberculosis  in  guinea  pigs  which  were  inoculated  with  tissue. 
One  of  the  calves  died  of  septicemia  tliirty-seven  days  after  the  begin- 
ning of  the  experiment. 

Second  experiment:  Four  calves  were  inocidated  subcutancously 
with  small  fragments  of  a  lymph  gland  taken  from  a  tuberculous 
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human  being.  Three  of  these  animals  were  killed  in  from  sixty-six 
to  eighty-seven  days  after  the  inoculation.  One  calf  died  twenty-two 
days  after  the  beginning  of  the  experiment.  Of  the  first  three,  one 
remained  healthy.  The  second  showed  tuberculous  changes  at  the 
point  of  inoi'ulation,  in  the  neighboring  lymph  glands,  and  in  the 
retropharyngeal  and  mesenteric  lymph  glands.  In  the  latter  case 
tubercle  bacilli  were  found.  In  the  fourth  calf  a  number  of  lymph 
glands  were  diseased  and  isolated  tuberculous  areas  were  found  in 
the  lung.  Another  calf  was  inoculated  subcutaneously  with  a  frag- 
ment of  lung  taken  from  a  man  who  had  died  of  miliary  tuberculosis. 
Eighty-seven  days  after  the  inoculation  the  animal  was  killed  and 
tuberculous  changes  were  noted  at  the  point  of  inoculation,  together 
with  caseation  of  many  lymph  glands,  and  in  addition  two  thickened 
areas  at  the  base  of  the  left  lung.  With  the  caseous  material  from 
the  bronchial  glands  guinea  pigs  were  made  tuberculous.  Finally, 
another  calf  was  inoculated  subcutaneously  with  urine  containing 
tubercle  bacilli  which  had  been  obtained  from  a  man.  This  animal 
was  killed  fifty-five  days  after  inoculation  and  showed  enlargement 
and  caseation  of  the  retropharjngeal,  mesenteric,  and  bronchial 
lymph  glands  and,  in  addition,  tuberculous  areas  in  the  right  lung. 

Third  experiment:  Two  calves  were  inoculated  subcutaneously 
with  fragments  of  tuberculous  glands  from  men.  In  these  cases  also, 
when  the  animals  were  killed,  more  or  less  tuberculosis  was  found. 

A  third  animal  was  inoculated  subcutaneously  with  tuberculous 
sputum.  After  one  hundred  and  fifty-five  days  it  showed  tubercu- 
lous bronchial  and  inesenteric  glands.  The  point  of  inoculation 
seemed  to  be  healthy.  Two  other  calves  which  had  been  subjected 
twice  to  the  tuberculin  test  and  had  not  reacted  inhaled  tuberculous 
sputum  and  showed,  one  hundred  and  forty-five  days  later,  marked 
tuberculosis  of  the  lungs. 

Fourth  experiment:  In  order  to  ascertain  what  infiuence  the  pas- 
sage of  human  tubercle  bacilli  from  animal  to  animal  would  have  upon 
the  virulence  of  the  microorganism,  two  calves  were'  inoculated 
subcutaneously  with  material  taken  from  another  calf  which  had  been 
previously  inoculated  with  human  tuberculous  sputum.  The  experi- 
ment resulted  in  emaciation  and  loss  of  appetite  of  the  animals. 
The  autopsy  showed  generalized  tuberculosis.  As  a  result  ol  the 
above  experiments  the  authors  reach  the  following  conclusions: 

Although  the  human  t\ibercle  bacillus  is  apparently  not  so  vinilent 
for  calves  as  the  bovine  bacillus,  yet  it  can  infect  cattle.  The  infec- 
tion may  be  brought  about  by  means  of  tuberculous  sputum  and 
tuberculous  lymph  glands  or  lung  tissue.  The  disease  maj-  be 
brought  about  through  intravenous  or  subcutaneous  inoculations, 
through  inhalation  of  pulverized  sputum  containing  tubercle  bacilli, 
or  through  feeding  tuberculous  sputum.     In  the  case  of  feeding,  the 
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abdominal  lymph  glands  may  become  infected  without  visible  lesions  ' 
of  the  intestinal  walls.  The  passage  of  the  human  tubercle  bacillus 
through  calves  appears  to  heighten  its  virulence  enormously.  The 
authors,  from  the  above  experiments,  are  of  tlie  opinion  that  the 
human  tubercle  bacillus  is  identical  with  the  bovine  bacillus,  although 
somewhat  weaker  in  virulence. 

The  literature  reviewed  in  the  foregoing  pages  has  been  selected 
because  of  its  special  bearing  upon  the  experiments  we  have  made, 
and  this  review  is  not  to  be  considered  complete.  For  a  fuller  discus- 
sion of  this  subject,  especially  in  its  relation  to  public  health,  the 
reader  is  referred  to  Salmon's"  report  to  the  American  Public  Health 
Association  on  "Bovine  Tuberculosis  and  Public  Health." 
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LETTER  OF  TRANSMIHAL. 


U.  a.  Department  of  Aqricultire, 

Bureau  op  Animal  Industry, 
Wash'tngtMi,  D.  C,  Nbcetnher  21,  1903. 
Sir;  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
"Reports  on  Bovine  Tuberculosis  and  Public  Health,"  and  recommend 
that  it  be  published  as  Bulletin  No.  53  of  the  Bureau  series.  The 
subject-matter  of  this  manuscript  is  the  annual  reports  on  the  relation- 
ship between  bovine  and  human  tuberculosis  made  to  the  American 
Public  Health  Association  for  the  years  1901,  1H02,  and  1903  by  me 
UH  chairman  of  the  committee  on  animal  diseases  and  animal  food,  a 
position  which  I  have  held  during  these  years. 

The  tirst  of  these  reports  was  published  as  Bulletin  No.  33  of  this 
Bureau,  but  the  supply  is  about  exhausted.     It  is  included  herewith 
because  of  the  demand  for  all  three  reporta  from  a  class  of  people  who 
will  make  the  best  possible  use  of  the  information  given. 
ItespectfuUy, 

D.  E.  Salmon, 
Chief  of  Bureau. 
Hon.  James  Wilson, 

tivcriAary. 
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BOVINE  TUBERCULOSIS  AND  PUBL[C  HEALTH. 


INTRODUCTION. 

Owing  to  the  interpst  manifested  in  recent  years  in  the  sal^ect  of 
bovine  tuberculosis,  and  particularly  in  the  danger  of  its  being  com- 
municated to  mankind,  it  devolved  upon  the  writer,  as  chairman  of  the 
committee  on  animal  dineases  and  animal  food  of  the  American  Public 
Health  Association,  to  prepare  and  submit  reports  coveringthe essential 
points  of  this  subject  and  presenting  the  most  striking  evidence  in  his 
possession.  These  reports  are  published  herewith.  The  more  imjwr- 
tant  points  embraced  in  the  discussion  are  as  follows: 

(1)  Extent  of  bo\'ine  tuberculosis  in  Europe  and  the  United  Htates. 

(2)  Effect  of  products  of  diseased  animals  upon  tlie  health  of  con- 
sumers, without  reference  to  the  direct  transmission  of  a  contagious 


(3)  The  accidental  infection  of  man  by  inoculation  with  bovine  bacilli. 

(4)  The  infection  of  man  by  consuming  the  milk  of  tuberculous  cows. 

(5)  The  results  of  scientific  experiments  with  regard  to  the  trans- 
mission of  tuberculosis  from  man  to  bovine  animals  and  vice  versa. 

The  results  of  recent  experiments,  both  in  Europe  and  in  the  United 
States,  demonstrate  that  quite  frequently  tuberculosis  bacilli  are  found 
in  the  human  subject  which  are  virulent  for  bovine  animalr;.  It  must 
be  admitted,  therefore,  that  either  the  human  bacillus  under  certain 
conditions  takes  on  an  unusual  virulence  and  is  then  practically  iden- 
tical with  the  bovine  bacillus,  or  that  these  especially  active  Imcilli 
have  originated  in  cattle  and  caused  disease  in  man.  In  either  cose  the 
arguments  which  have  been  particularly  urged  during  the  last  few 
years  against  the  danger  from  bovine  tuberculosis  are  shown  to  be 
weak  and  out  of  harmony  with  clearly  established  facts. 

The  development  of  our  knowledge  concerning  this  question  has 
been  rapid,  and  the  facts  brought  together  in  these  reports  will  give 
those  interested  in  the  subject  s  fairly  clear  idea  of  its  present  status. 

D.  E.  Salmon. 
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BOTINE   TTTBERCTJLOSIS   AFFECTING    THE   PFBLIC 
HEALTH.    (First  report.)" 

By  D.  E.  Salmon,  D.  V.  M., 

Oiief  of  lite  Jiweau  of  Animal  InduMry  and  Chairman  of  the  CommxUee  on  Ammai 

r>i*eaee»  and  ^ntma^  Food  of  the  Ameriean  Public  Health  Amociation. 

Vour  committee  oo  animal  diseases  aod  animal  food  has  been 
impressed  with  the  importance  of  the  discussions  which  occurred  at 
the  recent  British  Congress  on  Tuberculosis  concerning  bovine  tuber- 
culosis and  its  effects  upon  the  public  health.  Some  of  the  opinions 
expressed  at  that  congress  have  aroused  the  most  extended  interest 
among  physicians  and  among  laymen,  and  it  seems  appropriate  that 
your  committee  should  at  this  time  review  the  subject  at  some  length, 
in  order  to  make  clear  what  is  already  known,  preparatory  to  taking 
steps  definitely  to  settle  contested  questions  by  experimentation. 

EXTENT  OF  BOVINE  TUBEBCDICSIS. 

The  extent  and  rapid  increase  of  bovine  tuberculosis  in  various 
countries  has  during  recent  years  caused  alarm,  both  because  of  its 
effects  in  reducing  tiie  general  food  supply  and  its  supposed  danger  to 
human  health. 

The  slaughterhouse  statistics  of  Prussia  show  14.6  per  cent  of  the 
cattle  and  2.14  per  cent  of  the  hogs  to  be  tuberculous.  In  Saxony 
the  percentage  is  29.18  for  cattle  and  3.10  for  hogs.  In  the  city  of 
Leipzig  the  figures  are  36.4  for  cattle  and  2.17  for  hogs.  (Siedam- 
grotzky.)  Of  20,850  animals  in  Belgium  tested  with  tuberculin  ia 
1896,  48. 88  per  cent  reacted.  (Stubbe.)  Of  25,439  tested  in  Denmark 
from  1893  to  1895,  49.3  per  cent  reacted;  and  of  67,263  tested  from 
1896  to  1898,  32.8  per  cent  reacted.  (Bang.)  An  examination  of 
20,930  cattle  in  Great  Britain,  either  slaughtered  and  examined  post- 
mortem or  tested  with  tuberculin,  showed  5,441,  or  26  per  cent,  affected 
with  tuberculosis.  McFadyean  estimates  that  30  per  cent  of  the  cows 
in  Oreat  Britain  are  tuberculous. 

Figures  available  in  the  United  States  do  not  cover  a  sufficient  area 
of  our  territory  to  allow  us  to  make  a  reliable  estimate  of  the  extent 
of  tuberculosis  with  milch  cows.  There  ia  little  doubt,  however,  but 
that  the  disease  has  been  increasing  both  with  dairy  cattle  and  hogs. 

"  Report  of  committee  <m  animal  diseases  and  animal  food  to  the  American  Public 
Health  AHBodation,  at  Buffalo,  N.  Y.,  September  16-20,  1901.  Published  also  as 
Bulletin  No.  33  of  tlie  Bureau  of  Animal  Industry. 
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From  n  recent  review  by  Russell  and  Hastings,  of  the  Wisconsin  Agri- 
cultural Experiment  Station,  of  testa  of  cattle  for  tuberculosis  wliich 
have  been  made  in  the  United  States,  the  following  summary  is  pre- 
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The  State  veterinarian  of  Pennsylvania,  Dr.  Pearson,  thinks  that 
not  over  2  per  cent  of  the  cattle  of  that  State  are  tuberculous,  and 
probably  if  a  general  test  of  nil  the  cattle  of  the  other  States  mentioned 
were  made  we  should  find  a  very  nmch  smaller  proportion  tubercu- 
lous than  is  indicated  by  this  tabular  statement.  The  explanation  of 
the  high  percentages  that  have  been  given  is  found  in  the  fact  that  it 
has  been  for  the  most  part  suspected  herds  which  have  been  tested. 
Admitting  that  the  greater  part  of  these  percentages  are  too  high, 
they  are  still  sufficient  to  demonstrate  the  wide  distribution  of  tuber- 
culosis and  its  comparative  frequency. 

Our  beef  cattle,  as  they  come  to  the  large  packing  houses,  are  jet 
comparativel}'  free  from  tuberculosis.  Of  4,841,166  cattle  slaughtered 
in  the  year  19(10  under  Fedei-al  inspection,  but  5,279,  or  0.11  per  cent, 
were  sufficiently  affected  to  cause  the  condemnation  of  any  part  of  the 
carcass.  Of  23,336,884  hogs  similarly  inspected,  5,440  were  sufficiently 
aflfected  to  cause  condemnation  of  some  part  of  tlic  carcass.  This  is 
equal  to  0.023  per  cent,  or  slightly  more  than  one-fifth  the  proportion 
found  in  beef  cattle. 

"KeferciKjes  ure  1o  bibliography  at  tjud  of  bulletin. 
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The  slaughterhouse  statistics  of  all  countries  show  that  the  percent- 
age of  affected  hogs  increases  as  the  disease  t^ecomes  more  coDUDon  in 
cattle,  so  that  we  must  consider  not  only  the  effect  of  the  disease  upon 
heef  and  milk  producing  animals,  but  also  upon  hogs.  The  disease  is 
more  acute  with  hogs  than  with  cattle,  and  there  is  a  much  greater 
tendency  to  genei'alization,  and  consequently  the  parts  used  for  human 
food  are  more  likely  to  be  affected;  and  if  there  is  a  possibility  of 
communicating  the  disease  through  the  meat  the  danger  is  increased 
by  this  peculiarity  of  these  animals. 

EFFECT  OF  I-BODUCTS  OF  DISEASED  ANIMAI^  ON  FCBLIC  HEALTH. 

Admitting,  as  we  must,  the  increase  of  this  disease  among  our  food- 
producing  animals,  particularly  cattle  and  hogs,  it  appears  that  this 
fact  should  cause  concern  from  a  public  health  standpoint  irrespective 
of  the  question  of  the  direct  communicability  of  tuberculosis  from 
animals  to  man.  The  people  of  the  United  States  have  always 
demanded  meat  from  animals  which  were  free  from  disease.  Animal 
food  has  been  so  abundant  and  so  cheap  that  even  the  poorer  classes 
of  our  population  have  been  able  to  use  the  best.  There  is  no  reason 
apparent  at  this  time  why  there  should  be  a  departure  from  this  rule 
and  they  be  expected  to  consume  the  products  of  animals  affected  with 
tuberculosis.  Animals  so  affected  often  have  mixed  infection,  with  high 
temperature,  the  formation  of  pus  in  different  parts  of  the  body,  and 
particularly  in  the  manunary  glands,  and  there  is  undoubtedly  iu  many 
cases  a  considerable  development  of  toxins.  The  flesh  of  such  animals 
must  be  affected  in  the  same  way  as  is  that  of  animals  affected  with  other 
fevers  and  septic  conditions.  The  ext«^nsive  development  of  tubercular 
lesions  in  the  udder  affects  the  secretion  of  milk,  changes  its  composi- 
tion, causes  the  secretion  of  great  quantities  of  pus  which  are  mixed 
with  the  milk,  and  leads  to  the  development  of  a  great  variety  of 
saprophytic  germs  which  multiply  in  the  milk  and  develop  various 
decomposition  products. 

The  (consumption  of  food  of  this  character  has  always  been  consid- 
ered harmful,  and  especially  so  to  children.  It  may  seriously  affect 
the  digestion  andcausediarrheaandothorfurms  of  illness  by  the  toxins 
which  are  token.  It  is  extremely  desirable  that  the  source  of  our 
food  supply  should  be  guarded  from  contaniinatioo  by  disease  and 
kept  in  as  nearly  a  normal  and  healthy  condition  as  possible.  Every 
departure  from  this  ideal  state  is  a  menace  to  the  consumer  and  an 
injury  to  the  public  at  large. 

THE  COMMinilCABIIJTr  OF  BOVINE  TUBERCTLOSIS  TO   MAN. 

The  important  question  as  to  whether  bovine  tuberculosis  can  be 
directly  communicated  to  man  has  attracted  considerable  attention  in 
this  country  for  several  years,  and  was  discussed  by  the  committee  on 
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animal  diseases  and  animal  food  at  the  last  meeting.  The  conclusion 
had  already  been  reached  by  some  writers  in  this  country  that  mankind 
was  not  susceptible  to  the  form  of  tuberculosis  which  affects  cattle. 
Now  that  this  conclusion  has  been  accepted  and  promulgated  by  Koch* 
in  his  address  at  the  British  Congress  on  Tuberculosis,  and  has  been 
received  so  seriously  by  people  generally  as  well  as  by  the  medical 
profession,  it  is  deemed  desirable  to  recapitulate  what  was  said  at  that 
tjme  and  to  add  such  further  evidence  and  ailments  as  are  available. 

In  this  discussion  we  should  never  lose  sight  of  the  fact  that,  e\'en 
if  Koch's  position  is  correct  as  to  the  insusceptibility  of  mankind  to 
bovine  tuberculosis — a  conclusion  which  your  committee  believer  is 
unwarranted  by  the  evidence— and  if  it  is  admitted  that  it  is  unneces- 
sary to  adopt  measures  against  the  bovine  disease  in  the  fight  against 
human  tuberculosis,  it  does  not  follow,  by  any  means,  that  the  prod- 
ucts of  these  diseased  animals  are  harmless  and  should  be  allowed  to 
go  into  consumption.  Nevertheless,  Koch's  conclusion  is  being  used 
already  as  an  argument  and  excuse  for  the  sale  of  tuberculous  meat 
and  milk.  This  discussion  as  to  the  comraunicability  of  bovine  tuber- 
culosis should  not  be  allowed  to  obscure  the  geneiBl  question  of  the 
importance  of  condemning  meat  and  milk  of  diseased  animals,  whether 
the  disease  is  or  is  not  a  specific  one  which  may  be  communicated  to 
the  consumer  of  these  products.  There  is  no  argument  to  justify  the 
sale  of  milk  secreted  by  tuberculous  udders,  reeking  with  pus  and 
the  microorganisms  which  it  contains,  changed  in  its  chemical  compo- 
sition, and  unsavory  to  every  civilized  person.  The  question  of  the 
desirability  of  measures  against  bovine  tuberculosis  as  a  part  of  the 
campaign  against  human  tuberculosis  is  a  thing  by  itself  and  entirely 
distinct  from  the  desirability  of  such  measures  from  an  economic  and 
general  public-health  standpoint. 

Whenever  this  question  is  discussed  in  medical  meetings  or  medical 
journals  the  general  excuse  for  a  toleration  of  the  present  condition  of 
affairs  is  that  the  danger  from  bovine  tuberculosis  has  l>een  greatly 
ex^gerated.  Quite  likely  it  has  been  exaggerat^nl  by  some  individ- 
uals, but  it  has  just  as  certainly  been  underestimated  by  others.  What 
has  been  the  effect  of  the  discussions  heretofore  held?  Have  the 
public  been  too  much  alarmed^  Have  sanitarians  gone  to  too  great 
extremes?  Have  we  anywhere  a  too  rigid  meat  inspection  or  a  too 
careful  supervision  of  the  milk  supply?  If  so,  your  committee  is  not 
aware  of  the  fact.  And,  until  this  occurs,  the  repetition  of  the  state- 
ment that  the  danger  from  bovine  tuberculosis  has  been  exaggerated 
appears  to  be  entirely  superfluous  and  useless. 

Koch  in  his  recent  paper  makes  two  radical  assumptions:  First, 
human  tuberculosis  differs  from  bovine  tuberculosis,  and  can  not  be 
communicated  to  cattle;  second,  mankind  is  nearly,  if  not  absolutely, 
insusceptible  to  bovine  tuberculosis.     It  is  incumbent  upon  us  to 
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examine  the  cvidenoe  upon  which  these  propositions  rest,  for  if  they 
can  be  demonstrated  the  fact  would  l)e  weiconieil  )>y  every  sanitarian, 
not  bei.'ause  it  would  no  longer  he  necessary,  for  oconomio  and  public 
health  reasons,  to  control  bovine  tuberculosis,  but  because  it  would 
prove  that  some  dangers  which  we  have  hitherto  feared  do  not  exist, 
and  it  would  simplify  the  measures  needed  in  the  warfare  against 
human  tuberculosis.  We  should  not  allow  ourselves,  therefore,  to  be 
biased  by  preconceived  opinions,  hut  should  honestly  and  con^ien- 
tiously  weigh  all  evidence  that  is  presented. 

Neither  of  these  propositions  is  original  with  Koch,  but  this  is  prob- 
ably the  first  time  that  a  scientific  man  of  such  standing  and  authority 
has  ventured  to  adopt  them.  SidneyMartin,  in  his  experiments  for  the 
British  Koyal  Tuberculosis  Commission  of  1S!)5,  showed  that  sputum 
from  man  was  far  less  virulent  for  animals  than  was  bovine  tubercular 
material.  Theobald  Smith,  Frothingham,  and  Dinwiddle  have  repeated 
tliese  experiments  with  cattle  and  other  animals  and  incont«stabIy 
demonstrated  this  conclusion.  It  does  not  apj^ear  to  be  entirely  cor- 
rect, however,  to  say  that  human  tuberculosis  Is  not  communicable  to 
cattle.  It  would  be  more  accurate  to  say  that  in  the  experiments 
referred  to  human  tuberculosis  was  only  communicated  with  difficulty 
to  cattle,  and  when  it  was  communicated  it  remained  localized  and  did 
not  cause  a  fatal  disease. 

Of  6  calves  to  which  sputum  was  fed  by  Martin,  2  showed  no  lesions, 
1  had  53,  1  had  63,  and  2  had  13  tubercular  nodules,  respectively,  in 
the  intestines.  In  1  of  these  animaU  the  mesenteric  glands  were  also 
affected.  Smith  also  produced  small  lesions  in  some  of  the  animals 
with  which  he  experimented.  The  failure  to  cause  fatal  disease  in 
cattle  with  sputum  bacilli  appears  to  be  due  to  lack  of  virulence,  or, 
we  might  say,  to  low  pathogenic  power,  rather  than  to  any  essential 
difference  in  bacilli  from  human  and  bovine  sources.  This  is  shown  by 
the  fact  that  human  bacilli  were  less  active,  not  only  when  inoculated 
upon  cattle,  but  also  when  inoculated  upon  other  species  of  animals. 

The  experiments  of  Chauveau,'  which  were  made  prior  to  those  men- 
tioned aliovc,  are  more  conclasive  and  can  not  be  ignored  in  discussing 
this  question.  In  one  series  of  experiments  he  infected  2  heifers  and 
a  hull,  all  under  1  year  old,  with  emulsions  made  from  tuberculous 
human  lungs.  These  infections  were  l)y  ingestion,  but  two  doses  being 
given  to  each  animal.  One  of  the  heifers,  killed  57  days  after  infection, 
had  more  than  200  tul»ercles  of  different  sizes  in  the  small  intestines. 
There  were  also  tubercles  in  the  cecum,  colon,  abomasum,  liver,  and 
peritoneum.  The  autopsy  on  the  second  heifer  occurred  59  days  after 
infection.  In  this  case  the  abdominal  lesions  were  insignificant,  con- 
sisting of  two  or  three  follicular  hypertrophies  in  the  jejunum  and  a 
few  small  tubercular  mesenteric  ghin<ls.  The  right  submaxillary  gland 
and  the  two  retropharyngeal  glands  were  enlai^ed  and  affected  with 
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typical  tubercular  infiltration.  The  lungs  showed  not  less  than  12 
tuberculous  centers,  most  of  them  the  size  of  a  walnut,  and  near  these 
masses  were  points  wbei-e  tubercular  infiltration  was  beginning.  All 
the  bronchial  and  mediastinal  glands  were  enlarged,  tuberculous,  aud 
infiltrated  with  gray  and  yellow  matter.  The  bull  was  destroyed  on 
the  thirty-fourth  day.  There  was  a  plain  tuberculous  eruption  in  the 
small  intestine,  some  portions  of  the  mucous  membrane,  particularly 
on  the  Peyer's  patches,  being  covered  with  confluent  tubercles.  In  the 
left  lung  there  was  a  single  tuberculous  nodule  of  considerable  size, 
and  some  lobules  presented  a  gelatinous  appearance  and  consistency. 
There  were  aggregations  of  small  tubercles  in  the  larynx  and  upper 
part  of  the  trachea,  some  of  which  were  already  ulcerated.  There 
were  also  tubercular  granulations  in  the  bronchi.  At  the  time  these 
animals  were  infected,  3  similar  animals  were  infected  in  like  manner 
with  bovine  material,  and  3  others  were  held  as  checks.  The  latt«r 
were  found  free  from  tuberculosis.  At  the  autopsy  it  was  impossible 
to  distinguish  any  difference  between  the  animals  infected  with  human 
and  those  with  bovine  material  All  were  affected,  and  with  all  the 
tuberculous  lesions  had  the  same  characters. 

Chauveau,  also,  made  comparative  experiments  by  intravenous  injec- 
tion and  subcutaneous  inoculation;  from  all  of  these  he  concluded  that 
the  human  tuberculous  virus  acts  on  the  bovine  species  exactly  like  the 
tubercular  virus  which  comes  from  the  bovine  species  itself. 

That  the  diseases  are  not  absolutely  distinct  is  indicated  by  the  fact 
that  tuberculin  made  from  human  bacilli  causes  a  reaction  in  cattle 
affected  with  Iwvine  tuberculosis.  The  Bureau  of  Animal  Industry 
has  distributed  hundreds  of  thousands  of  doses  of  tuberculin  made 
from  human  bacilli,  and  this  tuberculin  has  been  used  by  State  authori- 
ties in  various  parts  of  the  United  States  for  diagnosing  the  di$ea.se  in 
cattle,  and  has  been  found  extremely  reliable  and  satisfactory  for  this 
purpose.  This  fact  would  clearly  indicate  that  if  there  is  a  difference 
between  bacilli  from  human  and  bovine  sources — and  your  committee 
is  inclined  provisionally  to  admit  such  a  difference^it  consists  in  minor 
biological  variations  and  not  in  the  germs  being  specifically  distinct. 

In  discussing  the  susceptibility  of  man  to  bovine  tuberculosis,  it 
appears  to  your  committee  that  Koch  has  simply  begged  the  question. 
Kven  if  we  admit  that  human  tuberculosis  is  not  readily  communicable 
to  cattle,  the  conclusion  that  bovine  and  human  tuberculosis  are  entirely 
different  and  not  intercommunicable  between  tliese  species  does  not 
necessarily  follow.  Another  possible  conclusion,  and  one  more  in 
harmony  with  what  is  known  of  comparative  pathology,  is  that  the 
Itovine  bacillus,  being  proved  more  virulent  for  all  animals  upon 
which  it  has  been  tried,  is  also  more  virulent  for  man. 

As  pointed  out  in  this  committee's  report  of  last  year,  there  is  no 
contagion  which  affects  so  many  and  such  widely  separated  species  of 
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animals  as  does  tlie  bovine  bacillua  and  which  is  not  at  the  same  time 
pathogenic  for  man.  Bovine  tubercnlottis  is  communicable  to  horses, 
cattle,  sheep,  bogs,  dogs,  eats,  guinea  pigs,  and  rabbib.  This  is  a 
very  extensive  range  of  path<^fenic  power.  What  other  pathogenic 
germ  is  there  which  ia  virulent  for  so  many  and  such  widely  rwjuiinti  i 
secies  and  which  is  not  virulent  also  for  man! 

As  examples  of  diseases  which  affect  many  species  of  animals,  we 
have  anthrax,  rabies,  glanders,  malignant  edema,  and  tetanus,  to  all 
of  which  mankind  is  susceptible.  As  examples  of  diseases  which 
affect  a  fewer  number  of  species,  we  have  epizootic  aphtha,  which 
principally  affects  cattle  and  hogs,  and  which  is  communicable  to 
man;  we  have  vaccinia,  or  cowpox,  which  affects  horses  and  cattle 
and  which  is  communicable  to  man;  we  have  rinderpest,  which  affects 
only  ruminants  and  which  is  not  communicable  to  man;  we  have  pleuro- 
pneumonia and  Texas  fever,  which  affect  cattle  and  are  not  commu- 
nicable to  man;  and  we  have  sheep  pox,  which  affects  sheep  only,  and 
hog  cholera  affecting  hogs  only,  which  are  not  communicable  to  man. 
The  rule  appears  to  be  that  the  larger  the  number  of  animal  species 
susceptible  the  more  likelj-  is  a  contagion  to  affect  man.  Surely  a 
germ  which  is  pathogenic  for  so  many  Mpcciea  of  animals  as  ia  the 
borine  tubercle  ba^.^illu.'^  should  be  considered  as  dangerous  to  man 
until  positive  evidence  has  proved  its  innocence. 

We  are  not  without  parallel  cases  in  comparative  pathology  which 
should  he  considered  in  deciding  such  an  important  question.  One  of 
these  is  found  in  rabies.  When  the  contagion  of  this  disease  is  inoc- 
ulated into  monkeys  and  passed  from  one  animal  of  this  species  to 
another  for  a  few  times,  the  virus,  as  is  well  known,  becomes  so  lack- 
ing in  pathogenic  power  that  it  no  longer  producea  rabies  in  dogs 
when  inoculated  in  the  usual  manner.  It  must  be  apparent  to  all  how 
wrong  it  would  be  to  conclude  that  because  rabies  of  monkeys  is  not 
communicable  to  the  dog,  conversely  the  labies  of  the  dog  is  not 
communicable  to  monkeys;  yet  this  appears  to  be  exactly  the  kind  of 
assumption  which  Koch  has  made  in  regard  to  the  bovine  tubercle 
bacillus. 

Another  parallel  case  is  found  in  variola.  The  variola  of  man, 
commonly  called  smallpox,  ia  conveyed  to  cattle  with  much  difficulty. 
Like  human  tuberculosis,  it  produces,  when  inoculated  in  these  ani- 
mals, only  insignificant  results  when  comparted  with  the  diseatie  in 
man,  with  no  tendency  to  generalization  or  to  the  production  of  fatal 
results,  but,  on  the  other  hand,  the  tendency  is  to  retrogression  and 
healing.  Nevertheless,  the  bovine  variola,  known  as  vaccinia,  or 
cowpox,  ia  easily  inoculated  upon  man,  develops  to  the  same  extent  as 
in  cattle,  produces  characteristic  lesions,  runs  its  regular  course,  and 
may  be  transferred  from  man  to  man  an  indefinite  number  of  times, 
as  has  been  shown  in  the  pi-actice  of  vaccination.     If  cowpox  had 
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never  been  oxperinientAlly  tested  upoo  man,  and  we  had  only  the 
results  of  experiments  in  inoculating  itmallpox  upon  cattle,  wo  should 
have  the  same  reason  for  concluding  tliat  vaccinia  is  not  communicahle 
to  man  that  has  been  cited  in  the  case  of  tuberculosis. 

Koch  alludes  to  two  kinds  of  evidence  available  for  deciding- this 
question :  First,  the  demonstration  of  cases  of  primary  intestinal 
infection  in  man;  secondly,  the  inoculation  of  cattle  with  bacilli  farfnd 
in  cases  of  human  tuberculosis.  It  appears  to  your  committee  that 
his  treatment  of  this  question  is  very  narrow  and  unsatisfactory.  "In 
deciding  as  to  the  susceptibility  of  man  the  evidence  now  available 
may  be  classitied  under  four  beads :  (1)  Accidental  inoculations  with 
bovine  bacilli;  (2)  clinical  evidence  of  individuals  infected  by  use  of 
milk;  (3)  statistics  of  abdominal  tuberculosis;  (4)  results  of  post- 
mortem examinations.  We  shall  discuss  the  subject  under  these  four 
beads. 

ACCIDEKTATi   INOCULATIONS  OF  MAN   WITH   BOVINE   BACILLI. 

The  first  and  most  important  line  of  evidence  is  that  obtained  from 
accidental  inoculations  of  man  with  bovine  bacilli.  Ravenel '  has  put 
on  record  three  cases  of  veterinarians  in  the  State  of  Pennsylvania  who 
were  accidentally  inoculated  with  bovine  tuberculosis  in  making  post- 
mortem examinations.  Case  1  was  accidentally  wounded  in  the  knuckle 
of  his  forefinger.  The  wound  healed  badly  and  a  nodule  soon  formed 
which  showed  a  decided  tendency  to  ulcerate.  After  some  weeks  he 
had  the  nodule  removed,  and  a  section  of  the  cxriHed  portion  was 
found  to  contain  a  large  giant  coll,  but  tubercle  bacilli  were  not  satis- 
factorily demonstrated  in  the  preparation.  The  nodule  recurred  after 
excision  and  was  finally  cured  by  treatment  in  the  hot-air  apparatus. 
Case  2  was  Ravencl's  assistant,  who  scrat^'hed  his  knuckle  on  the  broken 
end  of  a  rib  in  performing  a  postraoi'tem  on  a  goat  which  had  suc- 
cumbed to  an  experimental  inoculation  with  a  culture  of  bovine 
tubercle  bacillus.  The  wound  healed  promptly,  but  about  3  weeks 
afterwards  became  reddened,  swollen,  and  sensitive.  It  grew  worse 
and  was  finally  excised  with  a  margin  of  healthy  skin.  Two  guinea 
pigs  were  inoculated  subcutancoiisly  with  a  portion  of  this  nodule  and 
both  developed  a  generalized  tuberculosis.  Case  3,  a  well-known 
veterinarian  of  Philadelphia,  wounded  the  knuckle  of  his  forefinger 
in  making  an  autopsy  on  a  tuberculous  cow.  Between  3  and  4  weeks 
afterwnrds  the  scar  was  noticed  to  be  enlarged,  reddened,  and  some- 
what sensitive.  As  it  showed  no  tendency  to  improve,  but  rather 
grew  woi-se,  it  was  excised  some  6  weeks  after  the  inoculation  and  the 
wound  cauterized  with  bromine,  since  which  there  has  been  no  return. 
The  nodule  wa.s  examined  by  Dr.  John  Guiteras,  who  demonstrated 
its  tuberculous  nature  by  finding  tubercle  bacilli  in  sections. 
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L.  Pfeiffer*  cites  the  case  of  Veterinarian  Moses,  34  j'ears  old,  of 
healthy  family  nod  personalty  in  good  health,  who  pricked  his  left 
thumb  in  making  an  autops}'  on  a  tuberculous  cow.  The  point  of  the 
knife  probably  penetrated  into  the  articulation  of  the  tirst  and  second 
phalanges.  The  puncture  healed  without  suppuration,  but  at  the  end 
of  <>  months  there  formed  at  the  cicatrix  a  cutaneous  tubercle,  and  the 
joint  was  removed.  Soon  afterwards  the  patient  b^an  to  cough,  and 
died  of  phthisis  18  months  after  the  accident.  On  opening  the  articu- 
lation of  the  thumb  it  was  found  filled  with  caseous  masses  extraordi- 
narily rich  in  tubercle  bacilli. 

A  somewhat  similar  case  occurred  in  the  practice  of  M.  B.  Hartzelt, 
of  Philadelphia,  and  waa  partially  reported  at  the  meeting  of  the 
American  Medical  Association,  held  at  Philadelphia  June  1  to  4, 1897. 
Further  details  have  been  received  through  Ravenel.  The  patient,  a 
man  in  excellent  health  and  weighing  175  pounds,  was  employed  by  a 
railroad  company  to  clean  cars  used  for  the  transportation  of  cattle. 
Ho  was  wounded  upon  the  back  of  the  hand  by  a  piece  of  broken  wood- 
work of  a  car,  and  typical  verrucous  tuberculosis  developed  locally. 
This  was  apparently  successfully  treated  by  Hartzell.  Within  a  year 
the  patient's  general  health  changed  greatly;  he  was  emaciated,  had  a 
persistent  cougii  with  abundant  expectoratioa,  and  there  was  a  decided 
dullness  at  the  left  apex,  with  numerous  r£les.  Death  soon  resulted 
from  general  tuberculosis. 

A  very  interesting  case  of  "primary  subcutaneous  tuberculosis," 
caused  by  the  topical  application  of  ci-eam,  was  reported  by  Grotban.* 
A  little  girl  6  years  old  had  suffered  from  an  eruption  on  the  left  leg, 
supposed  to  be  due  to  ivy  poisoning.  This  was  treated  at  home  by 
the  topical  appKcation  of  fresh  cream.  When  seen  by  Crrothan  there 
was  a  painless  ulcer  of  irregular  shape  the  size  of  a  35-cent  piece  on 
the  posterior  aspect  of  the  leg,  having  the  characteristic  appearance  of 
a  tubercular  ulcer,  with  reddish  tinged  borders  slightly  overhanging 
the  fioor,  which  was  covered  with  graimlations  and  watery  pus.  There 
were  also  almut  a  dozen  light-mahogany  colored  spots  confiQcd  to  the 
calf  of  the  leg  and  the  lower  third  of  the  thigh,  varying  from  the  size 
of  a  hazelnut  to  the  half  of  a  lai^e  walnut,  and  containing  masses  of 
caseous  material.  The  cow  was  examined  and  the  udder  seemed  nor- 
mal, yet  inguinal  and  intraperitoneal  inoculation  of  two  rabbits  with 
a  mixture  of  milk  and  cream  gave  positive  results  in  both  inguinal 
inoculations  and  one  peritoneal.  The  caseous  material  from  the  nod- 
ules of  the  girl's  leg  injected  into  the  peritoneum  of  a  rabbit  produced 
tuberculous  peritonitis  and  death  in  about  3  weeks.  The  family  was 
using  milk  from  one  cow  only  at  the  time  the  application  was  made. 

A  somewhat  similar  case  was  recorded  by  Coppez.' 

A  girl  17  yeara  old  hail  a  woimd  on  the  palmar  aspect  of  the  third  fliiger  between 
the  second  mid  third  ptialaax,  which  beauoe  infected  with  tubercle  bacilli  daring 
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milking.  The  original  leeioDs  gave  rise,  within  6  months,  to  over  35  gubcutaneons 
abBce»es  ntualed  in  tlifiercnt  parts  of  the  body.  There  were  2  on  the  right  hand,  4 
on  the  elbow,  S  on  tlie  shoulder  blade,  several  on  the  right  cheek,  2  on  the  left  palm, 
1  on  the  bai-k  of  the  neck,  a  <luzen  on  the  buttocks  and  thighs,  4  on  the  left  leg,  3  on 
the  sole  of  one  foot,  snd  1  on  the  big  toe.  Most  of  these  were  curetted  and  iodoform 
applied  6  months  after  the  beginning  of  the  disease.  Subsequently  more  appeared— 
in  all  from  60  to  6b.    The  author  describes  the  appearance  of  these  foci  as  follows: 

At  a  certain  jMint,  always  in  the  neighborhood  of  a  preexisting  focup,  a  thickening 
of  the  subcutaneous  tissue  appeared,  associated  with  increased  heat  of  the  skin  and 
pain  on  pressure.  The  heat  Hoon  disappeared  and  a  fluctuating  livid  tumor  opened 
itself  and  discharged  pus,  and  later  a  yellowish  serum.  These  various  abscesBes 
healed  slowly,  and  within  a  year  all  disappeared.  At  no  time  could  any  visceral 
lesions  be  rei^ognized,  but  one  eye  became  involved.  The  nature  of  the  affection  was 
demonstrated  by  inserting  some  pus  from  an  abscess  into  the  eye  of  a  rabbit.  There 
was  but  slight  reaction  at  first.  Subsequently  the  whole  eye  became  diseased,  the 
lymph  nodes  of  the  neck  being  greatly  enlarged.     After  several  months  death  ensued. 

A  third  case  of  tuberculosis  communicsted  by  inoculation  with 
infected  milk  was  reported  by  Prieater.' 

A  yonng  man  employeil  on  the  docks  tried  to  remove  a  nnmber  of  tattoos  from 
his  hands  and  forearms  by  introducing  milk  into  the  tattooed  parte  by  means  of 
needle  punctures.  Tbisoperation  was  repeated  several  times.  later  there  appeared 
on  the  back  of  both  hands,  at  points  which  had  been  treated  on  the  same  day,  bright 
red  spots  the  sl/e  of  millet  seeds,  containing  a  yellow  center.  Pus  was  evacuated 
from  several  nodules.  These  were  found  to  be  lupus  nodules  (tuberculosis  of  the 
skin)  in  which  giant  cells  were  demonstrated.  The  diseased  parts  were  cut  out  and 
the  wonnds  healed  without  a  recurrence  of  the  trouble. 

Tschpmiiig,*  of  Copenhagen,  treated  a  veterinarian  whoso  finger  had 
been  wounded  in  making  a  postmortem  examination  of  a  tuberculous 
cow.  Three  weeka  after  the  accident,  the  sligiit  wound  having  already 
healed,  the  surrounding  tisaucs  becarae  swollen,  and  a  little  later  a 
suppurating  ulcer  formed.  Notwithstanding  an  appropriate  treats 
ment,  the  local  disease  became  worse  and  it  was  necessary  to  excise 
all  of  the  swollen  tissue.  Microscopic  examination  demonstrated 
tuljcrclea  with  bacilli.  The  patient  recovered  without  further  devel- 
opment of  the  disease. 

M.  T.  Naugbton,  Chicago,  111.,  has  communicated  to  this  committee 
the  following  case,  which  was  observed  in  hia  practice: 

ti.  E.  \V.,  Pole;  age,  34;  weight,  170  tiounds;  healthy  looking  man;  butcher  by 
occu|iation.  Family  history  negative.  Father  of  three  healthy  children.  Has  no 
recollection  of  having  been  previously  sick.  On  May  3, 1899,  while  cleaning  cattle 
vificera,  he  fell  and  a  stationary  meat  hook  upon  which  hearts  and  lungs  are  liung 
penetrated  through  the  right  liand  between  the  second  and  third  metacarpal  bones. 
A  tendovaginitis  resulted,  with  some  lymphangitis  of  the  arm.  He  received  the 
tiBiial  treatment  for  an  infected  wound  and  apparently  made  a  good  recovery,  with, 
however,  some  limited  motion  of  the  fingers  and  a  sensitive  scar  at  the  site  of  punc- 
ture. Four  months  afterwards  an  alisccss  formed  in  the  axilla,  which  was  cleaned 
out  and  tubercle  bacilli  were  decnonstrated  in  the  broken-down  gland  tissue.  At 
this  time  there  was  no  soreness  in  the  arm  lymphatics  or  elbow  gland,  but  he  com- 
plained that  there  had  been.  In  3  months  afterwards,  or  7  months  from  the  original 
accident,  be  died  from  pulmonary  tuberculosis. 
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These  are  very  clear  cases  and  could  be  multiplied  if  necessary  to 
add  strength  to  the  evideoce.  These  cases  demonstrate  the  suscepti- 
bility of  man  to  infection  by  bovine  bacilli  inoculated  into  the  skin  or 
subeutaneously.  Not  only  were  local  lesions  produced,  but  in  some 
caaes  the  disease  was  generalized  and  ended  in  death.  The  value  of 
such  cases  of  inoculation  in  demonstrating  the  susceptibility  of  man 
has  been  questioned  on  the  ground  that  the  lesions  resulting  from  inoc- 
ulation of  the  skin  are  usually  slight  and  remain  localized.  While  it 
is  true  that  they  remain  localized  in  most  cases,  they  have  sometimes 
been  attended  by  fatal  results,  and  in  all  cases  appear  to  be  at  least  as 
serious  as  similar  inoculations  with  the  human  bacillus.  The  human 
bacillus  is  known  to  bo  pathogenic  for  man  and  it  causes  one  of  the  most 
fatal  of  human  diseases.  Now,  if  the  bovine  bacillus,  when  inoculated 
in  the  skin,  produces  at  least  aa  serious  results  as  the  human  bacillus 
we  have  a  right  to  conclude  that  mankind  is  equally  susceptible  to  the 
bovine  as  to  the  human. form  of  contagion. 

It  is  reported  that  one  of  the  foreign  delegates  said  in  the  British 
congress  that  the  inoculation  of  man  from  animals  is  a  different  thing 
from  infection  by  way  of  the  alimentary  tract.  While  this  may  be 
admitted,  it  is  nevertheless  true  that  the  human  bacillus,  which  may 
infect  man  by  way  of  the  alimentary  tract,  is  only  inoculated  iu  the 
skin  with  difficulty,  as  is  shown  by  the  insignificant  lesionswhich  usu- 
ally follow  inoculations  in  making  autopsies  and  dissections.  In  other 
words,  the  alimentary  tract  appears  to  be  a  more  favorable  rout©  of 
enti'ance  for  the  human  bacillus  than  is  the  skin,  and  consequently  if 
the  bovine  bacillus  is  able  to  enter  the  body  by  means  of  skin  inocula- 
tions, there  is  every  reason  to  believe  that  it  may  also  enter  by  way  of 
the  alimentary  tract. 

These  very  clear  cases  appear  to  demonstrate  the  communicability 
of  bovine  tuberculosis  to  man  and  to  indicate  that  the  bacilli  from  a 
bovine  source  are  at  least  as  virulent  for  man  as  are  bacilli  from  a 
human  subject.  It  will  not  do  to  put  these  cases  aside,  saying  that 
such  inoculations  are  another  matter  from  intestinal  infection,  because 
the  groat  point  to  be  decided  is  the  susceptibility  of  man  to  the  bovine 
bacillus;  and  it  will  be  observed  that  Koch  proposes  in  testing  the  viru- 
lence of  bacilli  from  the  human  subject  to  do  this  by  subcutaneous 
inoculations  in  cuttle.  If  such  inoculations  are  a  proper  test  of  sus- 
ceptibility in  the  one  case  why  are  they  not  equally  so  iu  the  other? 

TUBERCULOSIS    IN    MAN    BELIEVED    TO    HAVE    BEEN    CAUSED   BY    IMOES- 
TION   OP   HILK   FROM   TUBERCULOUS   COWS. 

The  second  class  of  evidence  to  wliich  your  committee  would  refer 
is  the  clinical  observation  of  individuals  infected  by  the  lagestion  of 
milk.     One  of  these  frequently  cited  is  a  case  reported  by  OUivier  to 
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the  Paris  Academy  of  MedioiDe.'*  Twelve  girls  contrac^ted  tubercu- 
losis in  a  young  ladies'  boarding  school.  Of  these  5  died.  From  the 
&ot  that  the  sick  and  deceased  girls  were  descended  from  healthy 
ancestors  and,  above  all  dou))t,  showed  the  phenomena  of  intestinal 
tuberculosis,  there  was  suspicion  of  infection  with  the  food.  Full  con- 
finnation  of  this  suspicion  was  found  in  the  slaughter  of  a  cow  which 
for  a  jear  had  served  as  a  source  of  milk  supply  for  the  school.  The 
cow  had  extensive  tuberculosis  of  the  intestines  and  udder.  This  case 
has  particular  value  because  of  the  number  of  persons  affected,  the 
fact  that  they  had  int(<stiual  tuberculosis,  and  the  demonstration  of 
udder  tuberculosis  in  the  cow. 

Another  case  i.**  cited  by  T.  Percy  C.  Kirkpatrick,"  This  was  the 
case  of  a  daughter  of  a  Dr.  Oosse,  of  Gene\'a,  reported  by  himself. 
The  girl  up  to  the  age  of  17  had  been  quite  healthy  and  had  no 
history  of  hereditary  taint  or  predisposition  to  tuberculosis,  fiirly 
ID  1693  she  became  ill,  with  more  or  less  vague  and  undefined  symp- 
toms, and  died  in  some  10  months,  Gosse  performed  a  jxistmortem 
examination,  and  discovered  extensive  tuberculosis  of  the  mesenteric 
glands  and  abdominal  viscera.  When  trying  to  find  the  source  of 
infection  in  this  case,  Gosse's  attention  was  drawn  to  a  small  faim 
which  he  possessed  in  the  country  and  which  he  bad  been  accustomed  to 
visit  on  Sundays  with  his  daughter,  and  one  of  her  chief  delight;)  was 
to  drink  milk  from  the  cows  there.  On  examination  4  of  the  5  cows 
were  tubercular  and  2  had  disease  of  the  udder. 

An  interesting  case  was  under  the  care  of  Thomas  M.  Botch  in  the 
Children's  Hospital,  in  Boston,  in  1893  or  1894.  The  particulars  were 
sent  to  Dr.  d©  Schwoinitz,  of  the  Bureau  of  Animal  Industry,  by  Rotch. 
A  boy  7  years  old  had  been  drinking  a  great  deal  of  milk  from  one 
cow  for  about  4  months  Ijefore  entering  the  hospital.  The  cow  was 
found  to  1)6  tuberculous,  the  disease  being  demonstrated  by  autopsy. 
The  boy  was  a  case  of  primary  tubercular  peritonitis,  with  effusion. 
Laparotomy  was  performed  by  Dr.  Bradford,  and  a  large  amount 
of  serous  fluid  evacuated.  The  peritoneum  was  found  to  be  thickly 
studded  with  minute  tubercles,  and  the  presence  of  tubercle  bacilli 
was  demonstrated.  Four  years  after  the  operation  the  boy  was  found 
to  be  perfectly  well  and  seemed  free  from  tuberculosis. 

Lydtin"  gives  the  following  case:  Dr.  Stang,  of  Amorbach,  was 
called  to  a  finely  developed  5-year-old  boy,  the  son  of  healthy  parents, 
with  no  hereditary  taint  in  their  ancestors.  The  boy  died  a  few  weeks 
later  with  miliary  tuberculosis  of  the  lungs  and  enormoiisly  enlarged 
tubercular  mesenteric  glands.  At  the  necropsy  it  was  learned  that  the 
boy  had  habitually  drunk  the  milk  of  a  cow  which  had  l>een  killed 
shortly  before  he  died  and  which  had  shown  pulmonary  tuberculosis. 

Mr.  Howe,  of  North  Hadlcy,  Mass,,  !o«t  a  son  20  months  old  from 
abdominal  tuberculosis  3  month.-*  after  he  paid  a  week's  visjt  to  his 
13110~No.  53—04 a 
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uncle  and  hftd  beon  fod  with  milk  of  the  uncle's  cow.  The  cow  was 
killed  soon  afterwards  and  pi-oved  to  have  generalized  tuberculosis. 
The  child's  sickness  and  wasting  began  a  few  weeks  after  he  returned 
home.  He  had  previously  been  strong  and  healthy,  as  were  and  are 
his  parents." 

A  -l-year-old  son  of  Colonel  Beeoher,  of  Yonkers,  and  grandson  of 
Henry  Wai-d  Bee«:her,  died  March  4,  1S!>4,  of  tubercular  meninjfitif*, 
and  the  two  Alderney  cows  which  supplied  him  niilk  were  proved 
tul>ei-ciilous  by  the  tuberculin  test  and  postmortem  examination. 
Thei-e  wivs  no  hereditary  taint." 

A  Scotch  family,  strong  and  healthy,  had  a  liei-d  of  cowswhit^h  con- 
tracted tubercula«is.  Two  young  daughters  brought  up  on  the  milk 
died  of  tuberculosis,  while  ^  older  brotliei-s,  using  little  or  no  milk, 
remained  well  and  hardy." 

Dr.  Denmie,"  chief  physician  of  the  Children's  Hospital,  Berne, 
rcconls  the  eases  of  i  children,  born  of  healthy  parents  and  without 
tul)erculous  ancestora  either  on  the  paternal  or  maternal  side,  who 
died  of  intestinal  and  mesenteric  tubereulosis,  having  consumed  for 
some  time  milk  furnished  by  tuberculous  cows.  Among  2,000  tuber- 
culous children  treated  by  Dr.  Denmie  in  :iO  years,  these  were  the 
only  ones  in  which  he  could  aKsolutely  exclude  the  possibility  of  heredi- 
tjiry  taint  and  all  other  causes  of  the  disease  except  milk  infection. 

Von  Ruck "  records  the  following  case,  which  be  considers  almost 
conclusive: 

M.,  Hjre  Xi,  weight  180  poimde,  was  treated  by  his  family  physician  about  6  weeks 
for  what  wa.s  Hiippis'i'd  to  be  typhoid  fever,  (irowiii);  won*  when  convalescence  woe 
ItHikeil  for,  Voii  Kuck  waH  called  in  coDsultftlion.  Diagnosis  of  acnte  miliary  tuber- 
cultiHiH  WUH  Hoon  efitablished.  The  autopi^y  showei)  the  uBiial  dixseniination  of  the 
tulN-Tcnlar  proces",  but  no  old  focus  was  found  iti  cliest  or  abdomen,  whit-h  only 
were  jwrnitted  lo  be  examined.  Family  and  personal  history  good;  and  tlie  source 
anil  uiiHle  of  infection  remained  for  the  time  oltscun^, 

A  few  days  after  M.'s  death,  Von  Ruck  was  calleil  to  see  his  nearly  1-year-old 
child  on  account  of  fever  and  diarrhea,  which  yieldeil  to  trealmeni,  but  the  child 
did  licit  recover  ita  tonner  ^ood  health.  OratUially  fiymptonis  of  meningitis  <level- 
oiH-il  and  the  child  dietl.  No  postmortem  wa.s  jiennitted,  but  there  was  no  doubt  of 
thi'  tubercular  cliaracter  of  tlio  nieningitJH.  Infection  from  father  was  not  probable, 
tlic^  child  having  lieen  removes!  from  the  liouse  at  an  early  perioil  of  his  illness. 

The  milk  which  the  child  had  received  came  from  a  Jersey  cow,  an<l  no  other  had 
been  used  up  to  the  time  the  lUet  was  change<l  on  account  of  the  diarrheal  attach. 
The  Either  liail  dnmk  lartiely  of  tliis  cow'a  milk,  taking  a  pint  and  sometimes  a  quart 
twice  a  day,  warm,  at  the  time  of  milking!,  and  this  cow's  milk  was  given  him  exclu- 
sively <hiring  his  entire  illness.  On  examination  one  of  the  cow's  t«at.s  was  found  to 
be  shrunken;  it  was  said  to  yield  little  milk,  and  seveml  months  before  the  milk  was 
wcasionally  bloody.  There  was  a  hartl,  irrcKiilar  lump  on  the  same  side  of  the 
udder.  When  the  cow  was  killed,  several  months  later,  there  waa  tonnd  extanmve 
tulK'rculosis  in  the  !uu>!S  and  peritoneal  cavity,  and  the  lump  in  the  udder  con- 
taini><l  a  cnseous  i«i)ter,  which  on  examination  showed  numerous  well-staiued 
tubercle  bacilli. 
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These  are  exampleis  of  clinical  evideiire  wliich  might  be  greatly 
extended,  but  all  arc,  of  eourwe,  open  to  the  objection  that  we  do  not 
know  absolutely  that  the  disease  was  caused  by  the  bovine  bacillus. 
However,  the  occurrence  of  abdominal  tuberculosis  soon  after  the  use 
of  milk  from  tuberculous  cows  is  a  coincidence  which  justifies  us  in 
accepting  the  cases  as  strong  circumstantial  evidence,  not  of  them- 
selves demonstrating  the  communicability  of  bovine  tuberculosis,  but, 
taken  with  other  evidence,  making  a  case  which  it  is  difficult  to  contest. 

STATISTICS   SHOWING   FREQUENCY   OF  ABDOMINAL  TUBEBCUTX>8I8. 

The  third  line  of  evidence  to  which  we  invite  attention  is  the  statis- 
tical data  available  from  various  parts  of  the  world. 

Thome,  in  the  Harben  lectures  for  18t*8,  shows  from  the  statistics 
of  England  and  Wales  that  between  the  periods  1851-18«0  and  1891- 
1895  there  has  been  a  reduction  of  the  mortality  at  all  ages  from 
phthisis  of  45.4  per  cent,  while  from  all  forms  of  tuljerculosis  the 
reduction  has  been  distinctly  Icsa,  namely,  39.1  per  cent.  Taking 
thatformof  disease  registered  under  the  nameof  "  tabes mesenterica," 
the  reduction  at  all  ages  has  been  but  8.5  per  cent;  under  5  years  of 
age  the  reduction  has  been  but  3  per  cent;  while  under  1  year  of  age 
there  has  been  an  actual  increase  of  27.7  per  cent.  This  is  the  milk- 
drinking  age,  and  the  increase  of  the  mortality  is  very  significant  at  a 
time  when  phthisis  has  been  so  remarkably  reduced.  So  instructive 
are  these  statistics  that  we  reproduce  here  Thome's  table  showing  the 
mortality  from  this  disease: 

Engltxnd  and  Waks — MorUilityJrom  Utiiet  mncnteruxi  in  i^^rml  }ierio<U,  185J-IS9S. 
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The  conclusions  which  naturally  follow  from  these  statistics  are  so 
different  from  the  opinions  of  many  men  that  numerous  attempts  have 
been  made  to  counteract  them.  Some  have  held  that  the  cases  returned 
under  "tabes  mesenterica"  could  not  be  relied  upon  as  alxlominal 
tuberculosis.  An  examination  of  the  evidence  pre-nented  lead-syour 
committee  to  the  conclusion  that  this  point  is  not  well  taken. 

Still"  ha.s  recorded  the  results  of  769  autopsies  on  children  under 
12  years  of  age  at  the  Hospital  for  Sick  Children,  Great  Ormonde 
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street.  Two  hundred  and  sixty-nine  cases  were  found  showing  tuber- 
culouM  lesions.  In  thoi^e  in  which  the  channel  of  infection  could  be 
made  out  with  some  certainty  the  primary  infection  was  an  follows: 
Lung,  105;  intestine,  53;  ear,  9;  bones  or  joints,  5;  that  is,  the 
intestinal  infections  were  to  the  others  as  1  to  2.1.  With  the  cla^s  of 
cases  where  death  was  caused  by  some  other  di.sease  and  where  tuber- 
culosis either  was  arrested  in  an  early  stage  or  had  not  progressed 
beyond  the  initial  stage,  affording  almost  indisputable  evidence  of  the 
methods  of  infection,  the  infections  were  thus:  By  the  lung,  26;  by 
the  intestine,  16;  by  the  ear,  1.  Here  the  intestinal  infections  were 
to  the  others  as  1  to  1.7,  In  the  English  statistics  the  cases  of  tabes 
mesenterica  in  children  of  5  years  and  under  are  to  the  other  forms 
of  tuberculosis  as  1  to  1.6.  Still's  oljservations  are,  therefore,  a  sin- 
gular indorsement  of  the  accuracy  of  the  returns  under  the  name  of 
tabes  mesenterica,  and  as  the  ages  of  the  children  covered  by  his 
autopsies  were  12  years  and  under,  he  has  really  found  a  larger 
percentage  of  intestinal  infection  than  is  indicated  by  the  statistics. 

Also  J.  Walter  Carr"  refers  to  statistics  of  necropsies  on  tuberculous 
children  at  the  Victoiia  Hospital,  He  found  79  in  which  the  disease 
most  probably  started  in  the  chest  and  20  in  which  it  seemed  to  have 
begun  in  the  abdomen.  Here  the  relation  between  the  two  forms  of 
infection  is  1  to  4.  In  2*{  children  with  early  or  limited  tuberculosis, 
the  thorax  was  alone  affected  in  12  cases  and  the  abdomen  in  7,  being 
in  the  proportion  of  1  to  1.7.  Of  53  tuberculous  children  under  2 
years  of  ^e  the  disease  most  probably  began  in  the  chest  in  43,  and 
in  only  5  certainly  in  the  abdomen,  the  proportion  in  this  case  being 
as  1  to  8.4.  Out  of  25  children  over  5  years  of  age  the  disease 
began  in  the  chest  in  12  and  in  the  abdomen  in  6,  the  relation  being 
as  1  to  2. 

Shennon"  collected  data  from  postmortem  examinations  at  the 
Royal  Hospital  for  Sick  Children,  Edinbui^h,  of  355  cases  of  tuber- 
culosis, in  331  of  which  he  was  able  to  determine  the  channel  of 
infection.  In  67.7  per  cent  it  was  respiratory,  in  28.1  per  cent  it  was 
alimentary.     This  is  as  1  to  2.3. 

These  postmortem  examinations,  all  from  English  sources,  may  be 
accepted  as  fairly  representative  of  the  results  of  the  postmortem  room, 
and  they  sustain  Thome's  contention  that  the  returns  in  England  of 
tabes  mesenterica  represent  with  reasonable  accuracy  the  abdominal 
tuberculosis  of  children  in  that  country.  It  may  be  added  that  in  Still's 
most  recent  paper"  he  states  that  "it  would  seem,  therefore,  that,  at 
any  rate  among  hospital  patients  in  London,  nearly  one-third  of  the 
child  mortality  is  due  to  tuberculosis;  and  although  such  an  estimate 
may,  for  various  reasons,  be  too  high  when  applied  to  the  whole  child 
mortality  of  this  city,  it  seems  almost  certain  that  the  average  given 
by  the  registrar-general's  statistics  is  far  too  low.     During  the  5  years 
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1891  to  1805  the  average  niirabcr  of  deaths  per  annum  from  all  causes 
among  children  up  to  the  i^e  of  10  j"ear8  in  this  city  was  S(i,349;  out 
of  these  the  average  number  of  children  certified  each  year  as  having 
died  of  tuberculosis  was  3,335.  The  evidence  of  postmortem  tttatistics 
makes  it  practically  certain  that  a  very  much  larger  numlx'r  than  this 
died  of  tuberculous  diseases,  and  probably  we  should  be  well  within 
the  mark  if  we  said  that  at  least  «,0U0  children  die  every  year  in  Lon- 
don alone  from  tuberculosis."  This  being  the  case,  and  the  proportion 
between  tabc-s  mescnterica  and  other  forms  of  tu(>erculo»is  remaining 
the  same,  there  must  have  been  nearly  twice  as  many  cases  of  intes- 
tinal tuberculosis  in  London  as  were  recorded  by  the  registrar-general; 
but  as  tabes  mesenterica  is  one  of  the  most  obscure  forms  of  the  dis- 
ease, the  probability  is  that  more  children  affetit^d  with  this  form  of 
tubercuIoNiR  were  otherwise  reported  than  was  the  case  with  phthisis, 
tubercular  meningitis,  and  other  foims  of  tuberculosis  that  were  more 
easily  diagnosed.  At  any  rate,  it  may  be  accepted  as  certain  that  the 
evidence  so  far  presented  has  sustained  Thome's  conclusions  in  regard 
to  tabes  mosenterica.  This  being  the  case,  your  committee  deems  it 
advisable  to  introduce  at  thLs  point  the  statistics  of  England  and  Scot- 
land and  some  of  the  principal  cities  of  the  world,  showing  deaths  from 
different  forma  of  tuberculosis. 


Deialm/rmn  tiiliircidmtt  diteiitfn  in  Bn^nd  and  Wain  for  the  yfir  JSHS. 
[PiipuUllon  31.S»7.07H.| 


Form ,)( iHneiow. 

UnrtCT 

3.26f. 
1,319 

UiirtiT    Unfler 

&,i)50      B.34B 

4.901      6,791 
2,585      3,035 

Under 
yean. 

5,555 

6,147 
3,399 

I'ndcr 

-JO 
yca». 

\.^ 

fl,J8B 
3.851 

UiKler 

Under 
35 

All 

5,&W 

a,  451 
4,W3 

COSO 
6.573 

4,!eJ 

6,357 

Tubercutar  meDlngidi.  {uniLe  hy- 

Other  Sanaa  oS  tubcreuliaia,  actotula . 

6,7M 

Total  other  than  pbthiniH 

493 

12,639     14,11(5  1  15,101 
1,491  ,    2,m|    3,127 

15,915 
0,437 

1«,S34 
11.112 

2l,l»7 

1S,WM 
41,385 

7.0^2 

a!,3.W  1  27,74« 

3«,437 

60.139 

1 

' 

Deatht  from  lul)^culous  diwoMen  in  firoUandfor  the  year  ISHS. 
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/mm  iiitierp'Omi*  rfincuw*  I'li  Iirmdnn  for  the  yeitr  ISSS. 
[^tlnuilul  population,  I.Kl.THk] 
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Beatlix/roni  lulirrculottt  dli^nti  in  Berlin  for  the  year  189S. 
[Population,  Junv  30.  l.Teg.tOi.] 
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Denlhi  Jrimi  tiiliernUous  diseaneii  in  Nov  York  Cilyfiir  the  yenr  1, 
[Estimated  population,  3,£5O,0.S3.] 
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IMaihufrom  liilmculmui  dittiiwx  in  Boilon /or  Ihr  ijnir  I'.hmj. 

[l'opUlBtloII,.Stfa,H92.] 
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(II  tiii>erc\d<ni*  iIufOMn  in  Chiwgo  for  the  yenri  JS97  nnil  1S9N. 
[FopuUMon,  1897,  1.618.226:  IMS.  1,650.000.) 
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It  is  evident  from  these  tables  that  abdominal  tubei-culosis  is  a  very 
comaion  disease  in  England,  Wales,  and  Scotland,  and  that  it  is  bj'  no 
means  unknown  in  the  cities  of  Berlin,  Paris,  New  York,  Boston,  and 
Chicago. 

To  show  more  clearly  the  numerical  relation  of  the  different  forms 
of  tuberculosis,  a  aeries  of  tables  of  percentages  have  l>een  compiled, 
corresponding  with  those  just  given,  showing  the  number  of  deaths. 

Deathtfrom  tubfrciUim  in  England  and  Waletfor  llie  year  1S9S. 

[Percentage  of  eacb  form.] 
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Deathtfrom  tubercidogig  in  Scotland  for  the  year  1898. 
[Fercenlase  ol  eacb  lonn,] 
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Death*  from  tubereuJotis  in  BtrlinfoT 

[Percentage  of  each  form.) 


Fonaofdtwsae. 

Under  1 

year. 

Under  16 

Under  as 

All 

Tabes  mescnleriea 

1.S4 
27.66 

6B,S2 

33.38 

18.66 
3.67 

1  80 

100.00 

100-00 

100.00 
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Deathtfrmn  i«6<rcuio»if  in  New  York  for  the  year  1899. 
[Percenuge  of  eocti  form.] 
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Death*  from  tuberculo$u  in  Sonlon/or  (ft*  year  1: 
[yenxaUge  ol  each  lorm.] 
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Death»fn»it  lubtrcuioMt  in  Chicago/or  the  yean  1SS7  and  1898. 
[Percentage  ol  each  form.] 
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Taking  England  and  Wales,  it  is  seen  that  in  children  under  1  year 
old  tabes  mcsentericft  constitutes  46.23  per  cent  of  the  total  ca^cs  of 
tuberculosis  at  that  age,  while  phthiaia  constitutes  but  G.98  percent. 
Under  5  years  the  figures  are  36  per  cent  for  tabes  mesenterica  and 
10.63  per  cent  for  phthisis.  It  is  not  until  the  ^e  of  20  years  is 
reached  that  the  percentage  of  phthisis  exceeds  that  of  tabes  mesen- 
terica. In  Berlin,  Paris,  New  York,  Roston,  and  Chicago  the  statis- 
tics, however,  are  quite  different,  and  the  number  of  cases  of  abdominal 
tuberculosis  returned  is  very  much  .smaller. 

Your  committee  has  added  a  table  compiled  from  these  statistics 
showing  the  deaths  per  million  population  from  the  different  forms  of 
tuberculosis  in  England,  Wales,  and  S(.'Otland,  and  in  the  cities  men- 
tioned. From  this  table  (p.  26)  the  extreme  frequency  of  intestinal 
tuberculosis  in  England  and  Scotland  is  made  manifest. 


BrBEAD   OF   ANIMAL   INDUSTRY. 
Deal}i*  /HT  iiiilliiin  jmiitUntiim  from  lUfftTtnl  fiina»  nj  Iu3-frfulmi>. 
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Tlip  one  point  which  it  ia  dpsired  to  imprps.sat  thin  time  i»  that 
alxlominal  tuberculosis  is  not  so  rare  that  it  can  prope.rly  be  ignored 
and  that  the  statiHtics  of  some  countries  show  a  remarkable  number  of 


POSTMORTEM  EXAMINATIONS   SHOWINd    INTESTINAI.  TCBERCUT.OSIS. 

The  fourth  line  of  evidence  l)earing  upon  this  question  is  obtained 
from  postmortem  examinations. 

Koch  says  that  among  umny  eases  of  tuberculosis  examined  after 
death  he  remembered  having  seen  primary  tulwrculosin  of  the  inte^*- 
tine  only  twice.  Among  the  greiit  pustmortem  material  of  the  Charit^ 
Haspital,  in  lierlin,  10  cases  of  primary  tulwrculosis  of  thp  intestine 
occurred  in  5  years.  Among  933  ca,ses  of  tut)erculosis  in  children  at 
the  Emperor  and  Empress  Frederick's  HospiUil  for  Children,  Itag- 
insky  never  found  tuberculosis  of  the  intestines  without  simulta,nPOUS 
di.sease  of  the  lungs  and  the  bronchial  glamis.  Among  3,1"*  post- 
mortems of  tulxircular  children,  Biedert  observed  only  lU  cases  of 
priniarv  tuberculosis  of  the  intestine. 

Are  these  selected  statistics,  or  aiv  the  results  of  postmortems  in 
(Jerman}-  so  different  from  what  they  are  in  England;     ^  ■ 


ogle 
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In  269  autopsies  of  tuberculous  children,  Stiil"  determined  the  chan- 
nel of  infection  with  some  de<jree  of  certainty  in  iJl*i  cases,  and  in  03 
of  these  primary  infection  was  probably  through  the  intestine.  Carr," 
in  a  series  of  120  autopsies  on  tuberculous  children  at  the  Chelsea 
Children's  Hospital,  found  that  16.7  per  cent  showed  evidence  of 
primary'  abdominal  infection.  Guthrie,"  at  the  Paddington  (ireen 
Children's  Hospital,  in  a  series  of  7-7  cases,  found  evidence  of  primary 
intestinal  infection  in  Id  cases.  Shennon"  collected  355  cases  of 
tuberculosis  from  the  postmortems  at  the  Royal  HospitAl  for  Sick  Chil- 
dren, Edinburgh,  in  331  of  which  he  was  able  to  determine  the  chan- 
nel of  infection.  In  28.1  per  cent  of  these  cases  it  was  alimentary. 
Bollinger,  in  his  address  at  the  International  Tuberculosis  Congress  at 
Berlin  in  1899,  quoted  with  approval  the  autopsies  by  Heller  (Kiel)  of 
248  tliberculous  children,  which  showed,  in  i5.5  per  cent  of  the  cases, 
tuberculosis  of  the  mesenteric  glands.  From  these  it  was  concluded 
that  milk  played  a  leading  role  in  the  so-called  transmitted  tul>ereulosis 
of  children. 

Northi-up"  refers  to  125  postmortems  at  the  New  York  Foundling 
Asylum  on  tuberculous  children,  in  34  of  which  the  bronchial  nodes 
were  lai^e  and  cheesy,  likewise  the  mesenteric  nodes;  the  lungs  con- 
tained tubercles,  as  did  the  liver,  spleen,  kidneys,  and  meninges.  The 
primary  seat  of  infection  in  these  was  not  clear.  In  the  remaining  91, 
3  were  primarily  of  mesenteric  lymph  node  infection,  and  88  were 
primarily  of  bronchial  node  infection. 

G.  Sims  Woodhead,"  in  1894,  writing  on  channels  of  infection  in 
tuberculosis,  said: 

1  have  seen  in  case  nfter  case  in  children  and  in  animals  fed  on  tulverciilnus  male- 
rial,  the  lungs  markedly  affe<;t«d,  but  in  a  large  proportion  of  t1ii:«e  cases  i(  has  l>een 
poBfflble  to  trace  the  diuFBc  of  invasion  back  from  an  old  ca«eoti8  or  calcareous  nieetn- 
teric  gland,  through  the  chain  of  retroperitoneal  glanda,  up  through  the  diaphragm  to 
the  posterior  ine<liastinal  and  bronchial  glands,  and  so  on  to  the  lung.  1  have  not 
seen  this  in  a  few  cases  only,  but  in  dozens  of  children,  in  a  few  adultu,  and  in  many 


Sheridan  Del^pine,"  Proctor  professor  of  pathology,  Owens  College, 
in  a  lecture  on  tuberculosis  and  the  milk  supply,  said: 

A  very  striking  proof  of  the  frequency  of  infection  through  the  intestine  fell  undei 
my  notice  6  years  ago.  Dr.  Simcock  was  investigating  in  my  laboratory  the  pathol- 
ogy of  chronic  wasting  of  children  due  to  improper  feeding.  He  Helected  13 
out  ot  many  more  in  which  there  was  no  eviiience  of  tuberculosis  in  the  |«rents  oi 
in  the  various  organs  of  the  children  as  examined  in  the  postmortem  room.  H 
sidered  these  cases  free  from  tuberculosis.  I  was  not,  however,  quit*  convinced. 
We  carefully  examiued  the  mesenteric  glands  of  ail  these  children  with  the  object  of 
discovering  whether  tome  might  not  l>e  tuberculous.  In  2  of  these  cases  the  ii 
teric  glands  showed  clear  tuberculous  lesions  under  tlie  microscope,  and  in  5  more 
the  mesenteric  glands  presented  lesions  suggesting  the  possibility  of  incipient  tuber- 
culosis. The  presence  of  2  clear  rases  of  tuberculosis  among  13  cas««  carefully 
selected  as  free  from  tuberculosis  is  s|tecially  xignilicant 
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These  quotations  are  sufficient  to  make  it  clear  that  pritnaiy  intes- 
tinal infection  in  much  more  frequent  than  is  indicated  by  Koch's 
paper.  Aftei-  expressing  himself  "that  a  <ase  of  tul>erculosi8  has 
been  caused  by  aliinonta  can  be  assumed  with  certainty  only  when  the 
intestinp  suffers  tir.sfc — i.  e.,  when  so-t-alled  primary  tuberculosis  of  the 
intestine  is  found" — he  first  endeavors  to  show  that  such  cases  are 
extremely  rare,  and  then  proceeds  to  contradict  his  first  assertion  that 
it  can  be  assumed  with  certainty  to  have  l)een  caused  by  alimenta,  by 
saying  '*it  is  by  no  means  certain  that  such  cases  are  due  to  infection 
by  bovine  tuberculosis,  it  being  just  as  likely  tiiat  they  were  caused 
by  the  widely  prop^atcd  bacilli  of  human  tuberculosis  which  may 
have  got  into  the  digestive  canal  by  some  way  or  other,  for  instance, 
by  swallowing  saliva  of  the  mouth." 

It  is  clear  that  dust  and  bacilli  inhaled  with  the  air  are  d'?posited 
upon  the  mucous  membrane  of  the  nose,  pharynx,  and  trachea,  and 
that  such  inhaled  particles  must  l>e  swallowed  unconsciously,  as 
pointed  out  by  Lord  Lister  in  his  letter  to  the  British  Medical  Jour- 
nal (August  3,  1901);  also  that  persons  infected  with  pulmonary 
tuberculosis  swallowed  enormous  numbers  of  bacilli.  Still  it  is 
known  from  postmortem  examinations  that  pulmonary  tuberculosis 
is  more  common  than  intestinal,  and  that  a  considerable  proportion 
(placed  by  Lord  Lister  at  one-third)  of  the  people  who  die  of  pulmo- 
nary tuberculosis  escape  intestinal  infection,  although  they  are  proved 
susceptible  and  have  passed  into  their  stomachs  great  (juantities  of 
bacilli  daily  for  months  or  years.  What  is  the  explanation  of  this? 
With  even  the  inhaled  bacilli  more  likely  to  follow  the  digestive  than 
the  respiratory  tratrt,  why  is  not  intestinal  tuberculosis  much  more 
common  than  the  pulmonary  form? 

Writers  have  attempted  to  explain  this  by  supposing  that  the  intes- 
tine is  an  unfavorable  i>osition  for  the  l>acilli  to  gain  entrance  to  the 
tissues.  Judging  by  the  ease  with  which  animals  are  infected  by 
bovine  l>acilli  through  the  digestive  tract,  this  explanation  is  hardly 
tenable.  It  would  appear  rather  that  the  true  cause  of  the  phenomenon 
is  the  lack  of  pathogenic  power  in  the  human  bacillus,  which  has  been 
shown  experimentally  on  animals,  and  that  this  lack  of  virulence  makes 
it  difficult  for  human  Itacilli  to  withstand  the  gastric  juice  and  other 
unfavorable  conditions  and  have  sufficient  activity  remaining  to  infect 
the  body  after  reaching  the  intestine.  On  the  other  hand,  the  moit* 
virulent  bovine  germ  would  l>e  more  likely  to  maintnin  its  activity 
and  would  be  more  apt  to  produce  infection  with  a  smaller  number  of 
germs. 

The  fact  is  that  in  some  countries  intestinal  tuberculosis  is  compai'a- 
tively  rare,  even  with  children.  The  statistics  of  Berlin,  Paris,  New 
York,  Boston,  and  Chicago  prove  this,  although  pulmonary  tul)ercu- 
losis  is  very  prevalent.     Surely  the  air  and  the  habitations  of  these 
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placeM  nrnst  i-ontain  a  maximum  number  of  bacilli  from  the  human  dis- 
ease. If  intestinal  tuberculosis  is  caused  by  such  human  bacilli,  cither 
inhaled  or  taken  into  the  mouth  in  other  ways,  why  is  there  not  as  much 
intestinal  tuberculosis  in  those  cities  a^  in  England  and  Scotland?  Are 
British  babies  the  only  ones  that  swallow  the  inhaled  bacilli  3  How  can 
we  explain  the  occurrence  of  13i  cases  of  tabes  mesenterica  per  mil- 
lion inhabitants  in  children  under  1  year  in  London  as  against  only  2 
cases  in  Paris,  when  there  are  more  than  twic*  as  many  oases  of  pul- 
monary tuberculosis  per  million  inhabitants  in  Paris  as  in  London? 
We  see  here,  as  in  the  statistics  brought  forward  by  Thorne,  that  there 
is  no  relation  between  intestinal  tuberculosis  and  pulmonary  tubercu- 
losis; in  other  words,  that  infection  by  human  bacilli  apparently  plays 
a  very  subordinate  part  in  the  causation  of  tuberculosis  of  the  abdomi- 
nal organs.  This  conclusion  we  think  is  legitimate  and  clearly  follows 
from  the  statistics  presented. 

Why  is  tabes  mesenterica  so  prevalent  in  Great  Britain?  It  is  a 
question  which  can  properly  be  answered  only  by  careful  inquiry  in 
that  country.  Tubereulosis  is  very  common  among  the  cattle  there,  . 
but  possibly  not  more  so  than  on  the  continent.  More  attention 
appears,  however,  to  be  given  to  the  inspection  of  meat  in  Berlin  and 
Paris  than  in  London,  and  possibly  the  same  may  be  true  of  milk. 
Meat  is  more  frequently  eaten  underdone  in  London,  and  milk  is 
probably  less  frequently  sterilized.  In  the  United  States  we  have  far 
less  tuberculosis  among  cattle,  and  also  an  efficient  Federal  meat 
inspection.  Our  milch  cows  do  not  show  more  than  one-tenth  and 
our  beef  cattle  not  more  than  one  hundredth  of  the  tuberculosis  which 
is  found  in  Great  Britain. 

Before  closing  this  discussion  your  committee  desires  to  call  atten- 
tion to  the  fact  that  infection  of  the  lungs  is  not  always  the  result  of 
inhaled  tiacilli.  There  is  apparently  as  much  opportunity  for  bacilli 
taken  with  the  food  to  infect  the  pharyngeal,  tracheal,  bronchial,  and 
mediastinal  glands  and  the  lungs  as  there  is  for  inhaled  bacilli  to 
infect  the  intestine.  When  all  cases  of  pulmonary  tuberculosis  are 
cited  as  necessarily  due  to  inhaled  bacilli  and  as  not  by  any  possibility 
due  to  infection  with  the  food,  an  error  is  committed, 

G,  Sims  Woodhead"  several  years  ago  pointed  out  how  frequently 
bacilli  gained  entrance  through  the  Ij'mphoid  tissue  of  the  tonsil,  and 
St,  Clair  Thomson  has  recently  expressed  the  opinion  that  all  germs 
are  deposited  before  the  air  reaches  the  larynx  and  that  infection  most 
probably  occurs  through  the  lyciiphoid  tissue  of  the  naso-pharynx  and 
pharynx.  He  says:  "There  appears  to  be  no  justification  for  the 
generally  accepted  idea  that  the  bacillus  is  inhaled  dii'ectly  into  the 
pulmonary  alveoli," 
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Ho  also  says  of  infection  through  the  pharynx: 

In  many  of  these  caaee  the  process  can  be  trocetl  from  the  glands  in  the  tonsil  down 
into  the  neck  juid  soon  to  the  thorax  by  the  mediastinal  and  poHt-stemal  gltmdaand 
by  the  intercostal  lymphatics  and  glands,  and  it  it*  intcreeting  in  ench  casea  to  note 
how  the  lungB  may  be  perfectly  healtby  until  theglanda  at  tbeir  root  orin the plea» 
have  become  distinctly  affected. 

Affain  he"  says: 

We  have  aleo  an  example  of  Becondary  affection  of  the  longs  following  tabercle  of 
the  pharyngeal  tonsilar  HtructnreH,  through  the  glands  in  the  neck,  then  thoae  in  the 
thorax,  and  finally  to  the  lung  itself,  in  the  examples  that  have  already  been  given 
in  the  infection  of  the  pig  by  tuberculooe  milk,  etc  Moreover,  I  have  seen  a.aimilar 
line  of  invasion  in  children. 

Koch  tetl^  us  that  in  an  experiment  in  Trhich  sputum  was  fed  to  6 
piga  there  was  no  trace  of  tuberculositi  found  postmortem  '*  except 
here  and  there  little  nodules  in  the  lymphatic  glands  of  the  neck,  and 
in  one  case  a  few  gray  nodules  in  the  lungs."  It  appears,  then,  that 
he  did  get  some  infection  in  the  pigt)  by  feeding  human  sputiun,  and 
that  the  lesions,  far  from  being  in  the  intestines,  were  in  the  neck  and 
lungs. 

Referring  to  the  pigs  which  had  eaten  bacilli  of  bovine  tuberculosis, 
Koch  says  they  "had,  without  exception,  severe  tubercular  diseases, 
especially  tubercular  infiltration  of  the  greatly  enlai^ed  lymphatic 
glands  of  the  neck  and  of  the  mesenteric  glands,  and,  also,  extensive 
tuberculosis  of  the  lungs  and  spleen."  There  is  nothing  said  about 
primary  tuberculous  lesions  of  the  intestines,  and  we  are  forced  to 
the  conclusion  that  his  own  postmortem  notes  do  not  sustain  his  con- 
tention that  such  lesions  are  essential  in  cases  of  infection  through 
contaminated  food.  Lord  Lister"  is  said  to  have  pointed  out  in  his 
reply  to  Koch  that  if  primary  intestinal  tuberculosis  were  rare  in 
children,  mesenteric  tuberculosis  was  common,  and  said  that  the  inter- 
pretation seemed  to  him  to  be  that  the  bacilli  passed  through  the 
intestinal  mucous  membrane  without  causing  any  obvious  lesion  and 
were  arrested  in  the  glands.  This  interpretation  seems  to  be  accepted 
by  moHt  pathologi.st*!,  and  is  certainly  in  harmony  with  the  results  of 
feeding  experiments  with  animals.  Most  forms  of  primary  abdomi- 
nal tuberculosis,  whether  affecting  the  intestines,  peritoneum,  lym- 
phatic glands,  spleen,  or  liver,  are,  therefore,  in  all  probability  due  to 
infection  through  the  intfstine.  More  than  this,  many  cases  of  neck 
and  lung  infection  are  due  to  bacilli  taken  with  the  food.  Ravenel" 
has  recently  said; 

Dr.  PearHOii  and  1  have  held  for  a  long  time  that  foo<l  tutverculosis  may  appear 
first  in  the  lunga  or  cervical  glands.  I  have  just  received  a  letter  from  Dr.  Pearson 
iflvinx  that  lie  hat<  killed  two  cows  fed  on  tiilterruln.''i)<  matter,  and  "both  had  exten- 
sivfly  tul)ercular  lungs,  and  lesionn  nowhere  else.  The  powt  pharyngeal  lymph 
glandH  were  normal.  Neither  had  the  slightest  disease  aUmg  the  digestive  tract." 
We  have  made  similar  observations  repeatedly  on  dogs  and  pigs. 
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ObaorvatioiiH  of  the  same  kind  have  been  frequently  made  in  the 
experiments  of  the  Burean  of  Animal  Industry. 

If,  therefore,  it  is  true  and  may  be  admitted  that  some  cases  of 
intestinal  tuberculosis  are  caused  by  bacilli  inhaled  or  which  reat'h  the 
saliva  from  the  affected  lung,  it  is  also  true  that  in  even  a  larger  num- 
ber of  cases  the  respiratory  organs  are  infected  by  bacilli  taken  with 
the  food.  Certainly  this  is  the  case  with  animals,  as  shown  by  feeding 
experiments,  and  probably  also  with  the  human  subject.  The  location 
of  the  lesions  is  therefore  a  very  uncertain  guide  in  many  cases  as  to 
the  channel  by  which  the  infection  entered  the  body. 

The  new  method  of  diagnosis  which  Koch  desires  us  to  accept — 
namely,  the  culture  of  the  bacillus  and  the  subcutaneous  inoculation  of 
cattle  with  tlie  cultures — is  yet  of  doubtful  reliability.  It  has  been 
as.suDied  by  Smith  and  Koch  that  the  bacilli  of  bovine  tuberculosis,  if 
they  produce  disease  in  man,  would  retain  their  peculiar  characteristics 
indefinitely,  so  that  when  isolated  from  the  human  lesions  and  inocu- 
lated in  cattle  they  could  bo  identified  by  their  virulence  for  l>ovine 
animals.  This  is  an  assumption  which  has  never  been  demonstrated. 
The  method  may  or  may  not  be  correct,  and  it  is  only  reasonable  for 
us  to  decline  to  accept  it  for  deciding  so  important  a  question  until 
after  its  efiiciency  and  reliability  have  been  demonstrated.  Koch  says: 
"Hithei-to  nobody  could  decide  with  certainty  in  such  a  case  whether 
the  tuberculosis  of  the  intestine  was  of  human  or  of  animal  origin. 
Now  we  can  diagnose  them."  It  is  only  just  to  our  own  counti'yman 
to  say  that  we  could  make  the  diagnosis  as  well  after  the  publication 
of  Theobald  Smith's  paper  three  years  ago  as  we  can  after  reading 
Koch's  address.  But  the  method  is  still  in  its  infancy,  and  no  one  has 
cultivated  germs  known  to  be  of  bovine  origin  tliat  have  existed  for 
some  time  in  the  human  subject  to  determine  whether  or  not  they 
retain  their  distinctive  properties.  Bacilli  from  different  cases  of 
human  tuberculosis  differ  in  virulence,  and  the  extremes  of  pathogenic 
power  in  such  bacilli  have  never  yet  Iwen  established."  It  is  also  true 
that  bacilli  from  l>ovinc  source's  differ  in  virulence,  and  here  again  the 
extremes  of  virulence  have  never  been  determined.  Moreover,  we 
do  not  know  how  much  or  how  soon  the  bovine  bacillus  is  modified 
when  it  propagates  itself  in  human  tissues.     The  experiments  of  Smith 

"I-artigau"  has  recently  reported  the  resulta  of  interesting  investigations  on  the 
range  of  variation  of  the  virulence  of  tubercle  badlli  from  various  classes  of  lesione 
in  human  beings.  He  concluiles  that  tubercle  bacilli  of  widely  different  virulence 
may  exist  in  different  cawes  of  human  tuberculosis.  One  specimen  which  he 
encountered  presented  distinctive  features  worthy  of  note.  "Its  growth  was  of  very 
slow  development,  the  colonies  tew  in  number,  and  not  unlike  ground  glass,  an 
appearance  to  which  Theobald  Smith  has  referred  in  <ronnection  with  tubercle 
l»ciili  of  bovine  origin.  When  the  extreme  virulence  of  this  tubercle  bacillus  for 
guinea  pigs  and  rabbits  is  associated  with  the  morphological  and  cultural  peculiari- 
ties juBt  noted,  the  whole  closely  suggests  the  bacillus  tuberculosis  of  bovine  derivation 
as  described  by  Smith." 
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have  opened  up  a  wide  field  and  lead  to  important  suggestions  but  wo 
can  not  yet  say  what  eonclusiona  will  be  reached  by  experimenting 
along  the  su^^sted  lines. 

It  is  to  be  observed  that  Koch  does  not  positively  answer  the  ques- 
tion as  tothc  susceptibility  of  man  to  bovine  tuberculosia,  but  acknowl- 
edges that  it  "will  notadmit  of  absolute  decision  to-day  or  to-morrow." 
He  insists  that  "if  such  susceptibility  really  exists,  the  infection  of 
human  beings  is  but  a  very  rare  occurrence,"  and  estimates  "the 
extent  of  the  infection  by  the  milk  and  flesh  of  tuberculous  cattle,  and 
the  butter  made  of  their  milk  as  hardly  greater  than  that  of  hereditary 
transmission."  This  language  shows  his  uncertainty  on  the  great 
question  which  be  lias  raised  and  bearing  upon  which  he  has  oflfered  so 
little  evidence.  If  the  extent  of  the  infection  from  bovine  sources 
equals  that  by  hereditary  transmission,  then  the  danger  exists,  it  is  a 
real  danger,  and  we  should  strive  to  ascertain  its  exact  extent  and  how 
much  greater  it  may  become." 

To  ask  the  medical  profession  at  this  time  to  adopt  sweeping  gen- 
eralizations on  inconclusive  experiments  and  on  mere  hypotheses  is 
absurd.  To  expect  that  the  definite  and  positive  evidence  from  acci- 
dental inoculations,  clinical  observations,  vital  statistics,  and  post- 
mortem records  will  be  discarded  in  order  to  adopt  such  hasty 
generalizations  is  ridiculous.  More  positive  evidence  will  doubtless 
be  forthcoming  in  the  neai-  future,  as  investigators  will  not  rest  until 
the  most  exhaustive  researches  have  been  made.  In  the  end  even  this 
dramatic  promulgation  of  a  dangerous  doctrine,  practically  unsup- 
ported by  facts,  will  bring  good  to  the  cause  of  sanitation.  What  we 
must  guard  against  is  the  influence  of  the  sensationalists  and  of  those 
very  impressionable  persons  who  are  ever  ready  to  accept  a  new 
doctrine  which  conies  with  the  sanction  of  authority,  no  matter  upon 
how  slight  a  foundation  of  fact  it  rests. 

In  this  case  it  is  reassuring  to  find  that  the  British  Congress  on 
Tubei-culosis  not  only  did  not  accept  the  doctrine,  but  declared  that 
"  medical  officers  of  health  should  continue  to  use  all  the  powers  at 
their  disposal,  and  relax  no  eflfort  to  prevent  the  spread  of  tubercu- 
losis by  milk  and  meat."  lu  this  conclusion  your  committee  most 
emphatically  concurs. 

"If  it  were  true  that  man  ie  entirely  insuxceptible  to  iMvine  tuljerculoeie,  it  would 
appear  that  monke.va,  the  animale  moet  cloeely  related  to  man,  should  also  be  'uufao- 
«;ptible  or  at  leastshouid  not  be  easily  infected  with  l>ovine  liatilli.  An  experiment 
of  the  Bunmu  of  Animal  Industry,  concluded  shortly  after  this  report  was  presented, 
indicates,  on  the  contrary,  that  these  animals  are  extreniely  susceptible  to  this  form 
of  tuberculosis.  .\  baboon  inoculated  sutx'Utanuously  showed  an  ulcer  locally,  great 
enlarftement  of  the  axillary  glands,  and  later,  symptoms  oF  acute  generalized  tuber- 
culosis. Aft«r  death  the  tui^s,  liver,  and  spleen  in  particular  were  found  filled  with 
tulwrcles  and  other  organs  were  more  or  less  involved.  Another  monkey  of  a  differ- 
ent species,  inoculated  at  the  same  time,  has  become  greatly  emaciated  and  hag 
probably  abo  contracted  the  diseaw." 
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By  D.  E.  Salmon,  D.  V.  M,, 

Vhkfofihf.  Bureau  of  Animid  Indrntryand  Chairman  of  the  CommUtiv  uii  Animal 

Dixtraea  and  Animal  Food  of  the  American  Pjiblic  IleaJth  Aigocialitm. 

Your  coDunittce  on  animal  diaeascs  and  animal  food  respectfully 
report  AS  follows  with  reference  to  Hubjects  which  have  received' their 
attention  during  the  time  that  has  elap^d  since  the  last  meeting  of 
the  association: 

The  last  report  which  this  committee  had  the  honor  to  submit  dis- 
cussed the  important  question  of  the  relation  of  bovine  tuberculosis  to 
the  public  health,  reviewed  the  data  available  at  that  time,  and  con- 
cluded that  the  weight  of  evidence  was  overwhelmingly  against  the 
assertion  of  Koch  that  cattle  are  insusceptible  to  human  tuberculosis 
and  that  man  is  insusceptible  to  bovine  tuberculosis.  As  anticipated 
in  that  report,  numerous  investigatois  at  once  instituted  researches, 
and  the  results  of  the  experiments  are  now  being  made  public.  Your 
committee  feel  that  the  question  is  of  such  general  interest,  and, 
indeed,  tliat  its  elucidation  is  so  essential  to  the  proper  performance 
of  the  duty  of  the  sanitarian,  that  they  venture  to  review  it  agiiin  in 
the  light  of  the  most  recent  information  attainable.  There  are  some 
apparent  inaccuracies  in  the  paper  which  Koch'  read  before  the  British 
Congress  on  Tuberculosis,  to  which  your  attention  is  invited.     He  says: 

Even  in  my  first  circumetantUI  publication  on  the  etiolo);y  of  tuberculoBis  I 
expressed  myeelf  regarding  the  identity  of  human  tuberculosis  and  bovine  tubercn- 
losia  with  reserve. 

A  reference  to  the  paper  which  Koch  mentions  will  show  that  he 
expressed  himself  as  follows:*' 

It  is  not  the  peculiar  structure  of  the  tubercle,  not  its  lack  of  blood  vetiself,  not 
the  presence  of  pant  cells,  that  will  give  the  solution,  but  rather  the  proof  of  the 
tuberculosis  bacilli,  whether  it  be  in  the  tissue  by  means  of  staining  reaction  or 
whether  it  be  by  means  of  culture  upon  coagulated  blood  serum.  This  criterion 
being  adopted  as  a  foundation  principle,  according  to  my  investigations,  miliary 
tuberculosis,  caseous  pneumonia,  caaeous  bronchitis,  intestinal  and  glandular  tuber- 
culosis, bovine  tul>en'ulosis,  spontaneous  and  inoculation  tuben^uloeie  of  animals 
must  be  declared  as  iilentical, 

"Report  of  committee  on  animal  diseases  and  animal  food  to  American  Public 
Health  Association  at  New  Orleans,  La..  December  8-12,  1902.  Published  also  in 
nineteenth  .Innual  Report  of  Bureau  of  Animal  Industry, 
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Again  he*'  says: 

The  tuberciiloBU  of  domesticated  animale,  especially  bovine  tuberculoris,  undoubt- 
edly fomisanothersource  of  infection  with  tiiberculoeia.  By  tbie  ie  also  characterized 
the  poeitjon  which  the  care  of  health  ia'  to  occupy  in  the  future  in  consideration  of 
the  harmfulness  of  the  meat  and  of  the  milk  of  animals  suffering  with  bovine  tul>er- 
culoeis.  Bovine  tuberculosJB  is  identical  with  human  tabercalosis,  and  therefore  a 
disease  transmissible  to  man.  It  is  therefore  to  be  treated  juat  like  other  infectiooe 
diaeaaee  transmisaible  from  animals  to  human  bein^.  However-great  or  small  may 
be  the  danger  which  resiiits  from  the  consumption  of  meat  or  milk  afiected  with 
bovine  tuberculosis,  it  is  present,  and  must  thereforu  be  avoided.  It  is  sufficiently 
well  known  that  meat  afiected  with  anthrax  is  eaten  by  many  persons  and  often  for 
long  periods  of  time  without  harm,  and  yet  no  one  will  draw  the  conclusion  from 
this  that  the  traffic  in  such  meat  is  to  be  fiermitted. 

It  m  hardly  necessary  to  add  that  the  question  appears  to  have  been 
treated,  in  the  paper  mentioned,  without  any  reservations  whatever, 
and  that  the  statements  of  the  identity  of  human  and  bovine  tubercu- 
losis wei-e  emphatic  and  unequivocal.  Of  course,  it  i>t  allowable  for 
an  author  to  change  his  views  with  the  discovery  of  additional  facts, 
hut  he  may  not  cite  his  earlier  paper  in  support  of  the  later  conten- 
tion when  the  langii^e  of  the  earlier  paper  gives,  as  in  this  case,  an 
opposite  impression. 

Again,  with  reference  to  the  results  of  the  earlier  investigators  of 
the  auhject,  ho'  states: 

If  one  studies  the  older  literature  of  the  subject,  and  collates  the  reports  of  the 
numerous  experiments  that  were  made  in  former  times  by  Chanveau,  Guenther 
and  Harms,  Bollinger,  and  others,  who  fed  calves,  swine,  and  goats  with  tubercular 
material,  one  finds  that  the  animals  that  were  fed  with  the  milk  and  pieces  of  the 
lungvof  the  tubercular  cattle  always  fell  ill  of  tnbercnloeis,  whereas  thoee  that  recdved 
hnman  material  with  their  food  did  not. 

In  your  committee's  last  report"  quotations  were  made  from 
Chauveau'w'  paper  showing  clearly  that  in  his  experiments  cattle  were 
Buccessfullj'  infected  with  human  tuberculous  material  by  ingestion, 
by  intravenous  injection,  and  by  subcutaneous  inoculation.  From  all 
of  these  experiments  he  concluded  that  the  human  tubercular  virus 
acts  on  the  bovine  species  exactly  like  the  tubercular  virus  which 
comes  from  the  bovine  species  itself. 

Bollinger"  in  1879  and  Sidney  Martin"  in  1895  also  obtained  sue- 
.  cessful  results  with  bovine  animals,  one  by  inoculation  into  the  perito- 
neal cavity,  the  other  by  feeding  sputum.  Your  committee  have  not 
been  able  to  consult  the  papers  of  Guenther  and  Harms,  which  were 
also  cited  by  Koch,  but  whatever  their  results  may  have  been  it  is 
sufficiently  demonstrated  that  the  older  investigators  were  not  unani- 
mous in  finding  that  '*the  animals  that  were  fed  with  the  milk  and 
pieces  of  the  lungs  of  tubercular  cattle  always  fell  ill  of  tuberculosis, 
whereas  those  that  received  human  material  with  their  food  did  not," 
What  is  moat  striking  in  a  review  of  these  earlier  investigations  is 
the  variability  of  the  results,     Chauveau  found  human  as  virulent  as 
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bovine  material  for  bovine  animals.  Martiu  found  human  sputuin 
mucli  lens  virulent  than  bovine  material,  while  otheri^  failed  entirely  in 
tiie  effort  te  infect  bovine  animals  with  human  tuborculou.s  material. 

It  would  seem  that  the  ca^se  of  this  tack  of  harmony  in  the  results 
of  experiments  of  the  same  character  should  have  been  suggested  by 
the  researches  of  Vagedes,*'  who,  in  1896,  studying  28  human  cul- 
tures, discovered  1  of  these  which  was  much  more  virulent  than  the 
others,  and  which  was  more  virulent  than  either  of  '2  Imvine  cultures 
used  in  the  investigation. 

Theobald  Smith"  says  in  regard  to  this  work: 

It  iti  Bomewhat  remarkable  that  thiH  exceptional  cultnre  of  Vageilee,  ilesiTibed 
in  a  work  done  under  the  direction  of  Koch  himself,  was  wholly  ignored  by  the 
latter. 

Lartigau"  in  1901  published  results  from  which  be  concluded  that 
tubercle  bacilli  of  widely  different  virulence  may  exist  in  different 
cases  of  human  tuberculosis.  One  culture  obtained  by  him  was 
extremely  vimlent  for  guinea  pigs  and  rabbits,  and  hatl  morphological 
and  cultural  peculiarities  which  closely  suggested  the  bacillus  tuber- 
culosis of  bovine  derivation  as  described  by  Smith. 

Koch'  says  of  bis  experiments: 

In  Bome  cases  the  tubercle  bacilli  or  the  aputum  were  injected  under  the  skin,  in 
othera  into  the  peritoneal  cavity,  in  still  others  into  the  jugular  vein.  Six  aninials 
vere  fed  with  tubercular  sputum  almost  daily  for  7  or  8  months;  4  repeatedly  inhaled 
threat  quantities  of  bacilli,  which  were  distributed  in  water  and  scattered  with  it  in  the 
form  of  spray.  None  of  these  cattle  {there  were  Itl  of  them)  showed  any  symptoms 
of  disease,  and  they  gained  considerably  in  weight. 

For  the  discrimination  between  human  and  bovine  bacilli  he  recom- 
mends the  subcutaneous  inoculation  of  bovine  animals.  Investigators 
who  have  since  endea\'ored  to  elucidate  the  subject  have  therefore 
endeavored  to  infect  animals  with  human  material  by  any  one  or 
mora  of  these  methods  which  failed  in  the  hands  of  Koch  and  his 
assistants.     It  is  very  interesting  to  study  their  results, 

RECENT  RESEARCHES   WITH     REFERENCE   TO   THE   COMMUNICABILITY   OF 
HUMAN   TUBERCULOSIS   TO  ANIMALS. 

Ravenel,"  of  the  Pennsylvania  Live  Stock  Sanitary  Board,  and  a 
member  of  this  committee,  in  1898  fed  4  calves  with  human  sputum. 
Postmortem  examination  proved  that  all  had  become  affected  with 
tuberculosis,  the  lesions  in  2  being  quite  extensive.  In  March,  1901, 
he  obtained  material  from  the  mesenteric  glands  uf  a  child  which  died 
of  tubercular  meningitis.  The  bacilli  from  this  material  have  proved 
very  virulent  for  Iravine  animals.  One  calf  inoculated  intravenously 
with  a  suspension  of  a  culture  of  this  bacillus  showed  marked  illness 
during  life  and  died  in  17  days.  Both  lungs  were  found  thickly  stud- 
ded throughout  with  miliary  nodules.    The  bronchial  and  mediaetioal 
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glands  were  much  enlarged  and  soft,  the  former  showing  small  areas 
of  (.useation.  The  liver  was  soft  and  friable,  and  several  nodules  were 
visible  on  its  surface. 

A  second  calf  was  inoculated  into  theperitoneal  cavity  with  a  similar 
suspension  of  a  culture  of  this  bacillus.  This  animal  died  in  27  days, 
after  showing  an  abnormally  high  temperature  from  the  eighth  day. 
It  was  greatly  emaciated,  having  lost  37  pounds  in  weight.  The  cen- 
tral and  posterior  portions  of  the  lungs  showed  many  areas  deep  in 
color  and  solid  to  the  feel.  These  were  thickly  studded  throughout 
with  minute  grayish  nodules.  The  suprasternal  lymph  glands  were 
as  laige  as  goose  eggs,  and  contained  cheesy  areas.  The  mediastinal 
glands  were  much  enlarged.  The  peritoneum  was  everywhere  enor- 
mously thickened  and  practically  converted  into  a  tuberculous  mass. 
The  omentum  and  liver  contained  many  nodules. 

A  cow  was  inoculated  intravenously  with  only  2.5  c.  c.  of  a  suspen- 
sion of  a  similar  culture  and  died  in  17  days.  The  lungs  were  thickly 
studded  throughout  with  miliary  nodules. 

A  second  culture  obtained  from  the  mesenteric  glands  of  a  child, 
and  which  in  its  manner  of  growing  and  microscopical  appearance  led 
the  investigator  to  consider  it  a  typical  human  culture,  was  found  to 
be  unexpectedly  virulent  when  tested  upon  dogs.  A  calf  inoculated 
intravenously  with  suspension  of  a  culture  was  killed  on  the  forty- 
sixth  day,  death  then  appearing  imminent.  The  anterior  lobes  of  both 
lungs  were  thickly  studded  with  minute  nodules  averaging  1  mm.  in 
diameter.  The  bronchial  and  mediastinal  glands  were  enlarged,  and 
scrapings  from  the  cut  surfaces  showed  an  enormous  number  of 
tubercle  ba<;illi.  Many  yellow  nodules  were  seen  in  the  mediastinal 
glands.  In  the  liver  were  many  minute  nodules,  sections  of  which 
showed  large  numbers  of  tubercle  bacilli.  The  spleen  showed  round- 
cell  infiltration,  giant  cells,  and  many  tubercle  bacilli.  There  were 
also  white  areas  in  the  kidneys  with  round-cell  infiltration  and  many 
bacilli. 

In  the  liureau  of  Animal  Industry  a  number  of  virulent  cultures  of 
tubercle  bacilli  have  been  obtained  from  human  sources.  A  few  of 
these  are  worthy  of  notice  in  this  connection.  De  Schweinitz,**  of 
the  Itiochemic  Division  of  the  Bureau  of  Animal  Industry,  isolated 
a  tuliercle  Itacillus  from  a  mesenteric  gland  of  a  child  affected  with 
tubercular  peritonitis.  This  bacillus,  when  grown  on  egg  medium, 
corresponded  to  the  bovine  type.  A  calf  received  intravenously  5.5 
c.  c.  of  a  suspension  made  from  an  egg  culture.  This  animal  died  in 
20  days  of  generalized  tuberculosis.  The  lungs  were  a  mass  of  small 
tubercles,  while  the  bacilli  were  demonstrated  in  the  liver,  spleen, 
kidnejs,  and  mesenteric  and  mediastinal  glands.  The  same  investi- 
gator obtained  a  culture  from  another  child  affected  with  peritoneal 
tuberculosis.     This  culture  also   corresponded   to   the  bovine  type 
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when  growD  on  egg  medium.  A  calf  inoculated  intravenomtly  with 
5  c.  c.  of  a  suspension  of  egg  culture  died  in  17  days.  The  autoiwy 
showed  generalized  tubcrculoslti,  numerous  bacilli  being  demon-strated 
in  the  lung,  liver,  spleen,  and  mediastinal  glands.  A  steer  was  inocu- 
lated subcutaneously  with  a  piece  of  tuberculous  tissue  from  this 
child.  The  animal  was  killed  at  the  end  of  6  months,  and  the  autopsy 
showed  the  flank  and  shoulder  glands  enlarged,  caseous,  and  caicitied. 
There  were  numerous  excrescences  upon  the  border  of  the  lung  and 
upon  the  pleural  surface  of  thediaphr^^.  Bacilli  Were  demonstrated 
in  these  excrescences  and  also  in  the  glands.  Both  of  these  cultures  are 
therefore  very  virulent  for  bovine  animals  when  given  by  intravenous 
inoculation,  and  one  at  least  is  virulent  when  injected  subcutancou»ly. 

A  calf  previously  tested  with  tuberculin,  as  was  done  with  all  the 
larger  animals  used  in  tho^e  experiments,  was  inoculated  subcutane- 
ously  in  the  side  of  the  neck  with  5  c.  c.  of  a  suspensioa  of  a  culture 
of  this  bacillus.  This  animal  presented  the  ordinary  signs  of  tuber- 
cular infection,  and,  being  emaciated,  weak,  unable  to  rise,  and  in  a 
dying  condition,  was  killed  on  the  thirty-first  day.  The  autopsy 
showed  generalized  tuberculosis.  The  prescapular  gland  and  medias- 
tinal glands  were  enlarged  and  tubercular,  the  lungs  were  filled  with 
tubercular  nodules,  and  the  liver  was  affected  to  an  almost  e(|ual 
extent.  The  omentum  showed  many  tubercular  nodules  and  the 
kidneys  a  small  number. 

Slohler,"  of  the  Pathological  Division  of  the  Bureau  of  Animal 
Industry,  has  obtained  three  cultures  of  bacilli  from  human  sources 
which,  because  of  their  virulence  for  the  species  of  animals  on  which 
they  have  been  tested,  are  also  worthy  of  mention.  One  of  these, 
which  had  its  source  in  the  mesenteric  gland  of  a  girl  who  died  of 
tuberculosis,  appears  more  virulent  for  goats  and  cats  than  the  first 
culture  of  Uavenel  above  mentioned.  A  goat  inoculated  subcutaneously 
was  in  poor  condition  and  growing  thinner  at  the  end  of  137  days. 
A  eat  inoculated  in  the  same  manner  died  in  HH  days  of  pulmonary 
tuberculosis.  A  rabbit  was  in  poor  condition  at  the  end  of  137  days. 
The  bacilli  cultivated  in  dog  serum  averaged  2  ;<  in  length,  some 
slightly  curved  and  beaded.  This  bacillus  was  of  the  human  type,  but 
when  recovered  from  the  cat  it  was  markedly  reduced  in  length  and 
slower  in  growth. 

Another  bacillus  obtained  from  the  mesenteric  gland  of  a  boy  affected 
with  tuberculosis  is  shorter,  averaging  from  1.2  to  1.5  m,  is  beaded, 
and  grows  rapidly  and  luxuriantly.  A  goat  inoculated  subcutaneously 
with  this  culture  died  in  37  days  with  miliary  tuberculosis  of  the 
lungs,  involving  the  axillary  and  prescapular  glands.  A  dog  inocu- 
lated in  the  same  manner  after  59  days  was  thin  and  becoming 
emaciated,  and  had  an  utrcr  at  the  point  of  inoculation.  A  cat  simi- 
larly inoculated  was  in  poor  condition  at  the  end  of  59  days.     The 
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third  germ,  obtained  by  Mohler,  is  particularly  worthy  of  attention, 
because  it  was  isolated  from  human  sputum.  It  in.  when  grown  on 
dog  serum,  1.7  to  2.2 /*  in  length,  slender,  beaded,  and  curved.  A 
goat  inoculated  subcutaneously  died  in  95  days  of  pulmonary  tubercu- 
losis. There  were  ab^o  tubercular  lesions  at  the  point  of  inoculation 
and  in  the  prescapular  gland.  A  cat  inoculated  subcutaneously  died 
in  23  days  of  generalized  tuberculositj.  A  rabbit  inoculated  in  the 
same  manner  died  in  5i)  days  of  pulmonary  tuberculosis.  A  bovine 
culture  was  iised  for  comparison  with  the  cultures  just  described  and 
killed  a  goat  in  55  days,  as  compared  with  37  days  for  the  second 
human  culture  and  95  days  for  the  thii-d  human  culture.  The  bovine 
germ  also  killed  a  rabbit  in  69  days  as  compared  with  59  days  for  the 
third  human  culture.  This  work  also  shows  that  it  is  not  a  difficult 
matter  to  obtain  very  virulent  tubercle  bacilli  from  human  sources, 
and  that  some  of  these  are  just  as  virulent  as  bovine  bacilli. 

At  the  British  Congress  on  Tuberculosis,  Thoraaesen"  reported  an 
experiment  in  which  a  calf  was  inoculated  in  the  anterior  chamber 
of  the  eye  with  a  pure  culture  of  a  tubercle  bacillus  isolated  from  a 
case  of  tuberculous  arthritis  in  man.  When  killed  after  6  weeks,  it 
was  found  that  both  lungs  contained  numerous  miliary  tubercles  and 
some  gray  tibrous  tubercles  of  larger  size.  The  path  of  infection 
from  the  eye  to  the  lung  could  be  traced  by  the  condition  of  the  sub- 
parotideal,  cervical,  mediastinal,  and  bronchial  lyaiph  glands  of  the 
same  side. 

De  Jong**  reports,  as  a  result  of  a  series  of  inoculations,  that  7 
bovine  animals,  namely,  2  calves  6  months  old,  3  steers  2  years  old,  1 
18  months,  and  1  calf  7  or  8  months  old,  all  became  tuberculous  by  the 
injection  of  tubercle  bacilli  of  human  origin.  Consequently  all  the 
bovine  animals  used  in  the  experiment  were  infected  by  human  bacilli. 
The  disease  produced  was  serious  and  very  extended  in  only  1  animal, 
with  i  others  it  had  a  retrogressive  tendency,  and  in  the  2  remaining 
cases  it  was  progressive.  He  concludes  that  these  results  demonstrated 
that  bacilli  isolated  from  the  human  body  or  from  sputum  are  capable 
of  causing  tuberculosis  of  cattle. 

Del^pine*'  recently  stated,  in  a  discussion  on  the  relationship  of 
human  and  bovine  tuberculosis,  that  he  had  been  able  to  obtain  from 
the  human  subject  bacilli  just  as  virulent  as  the  bovine  tubercle  bacillus, 
but  in  most  the  human  tubercle  bacillus  was  less  virulent. 

Orth  "  made  experiments  with  3  calves,  3  hogs,  and  3  goats.  1b6 
infectious  material  was  obtained  fiom  a  case  of  phthisis  cavernosas 
by  inoculating  a  guinea  pig  and  then  obtaining  cultures  froni  this 
animal  from  brain  and  other  media.  In  the  experiments  bouillon  cul- 
tures of  the  organism  were  used,  and  in  some  cases  tuberculous  organs 
from  rabbits.  One  calf  inoculated  into  the  lung  through  the  trachea 
gave  an  entirely  negative  result.     The  second,  inoculated  between  the 
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abdominal  muscles,  showed  only  &  local  caseous  aliacess.  The  third, 
which  was  inoculated  in  the  peritoneal  <«vity  with  two  pieces  of  tuber- 
culous kidney  from  a  rabbit,  died  on  the  twenty-sixth  day  of  a  general 
tuberculous  peritonitis.  The  serous  membranes  were  covered  with 
miliary  and  submiliary  tubercles.  The  great  omentum  had  nodules 
scattered  throughoutand  small  nodules  were  visible  on  the  serous  mem- 
brane of  the  intestine.  The  mesenteric  portal  and  retrosternal  lymph 
glands  were  much  enlarged  and  showed  gray  and  white  nodules  upon 
section.  There  was  no  doubt  but  that  a  progressive  fatal  tuberculosis 
was  produced  in  this  calf  by  material  originating  in  the  human  subject. 

Of  the  3  pigs,  2,  which  were  inoculated  intrapcritonealiy  with  the 
bouillon  culture,  gave  negative  results).  The  third,  inoculated  through 
the  trachea  into  the  Imigs,  was  killed  after  5^  months  and  a  large  num- 
ber of  miliary  and  submiliary  tubercle~s  were  found  in  the  inferior  lobe 
of  the  right  lung,  and  there  were  many  yellowish  tuberculous  nodules 
in  the  thymous  gland  and  in  the  membranes  around  it.  One  of  the 
goata  inoculated  through  the  trachea  into  the  lung  with  the  bouillon 
culture  showed  a  munber  of  subcutaneous  nodules  near  the  point  of 
inoculation,  a  large  caseous  nodule  in  the  thymous  gland,  and  a  num- 
ber of  yellowish  gray  nodules  in  the  inferior  lobe  of  the  right  and  left 
lungs.  The  second  goat  was  inoculated  intrapcritonealiy  with  a  small 
piece  of  lung  from  a  tuberculous  rabbit.  The  animal  was  killed  after 
5  months  and  a  number  of  nodules  were  found  in  the  muscles  and  sub- 
cutaneous tissue  at  the  point  of  inoculation.  There  were  also  a  num- 
ber of  small,  grayish  translucent  nodules  scattered  through  the  omen- 
tum, on  the  diaphragm,  and  in  the  neighborhood  of  the  lymph  glands; 
a  nodule  about  the  size  of  a  pea  was  found  on  the  anterior  border  of 
the  liver.  The  third  goat  was  inoculated  with  a  piece  of  tuberculous 
spleen  the  size  of  a  pea  placed  in  the  peritoneal  cavity.  On  autopsy  a 
number  of  tubercles  were  found  around  the  point  of  inoculation.  There 
was  a  lai^  gi^up  of  caseous  nodules  on  the  adjoining  surface  of  the 
stomach  and  numerous  caseous  nodules  in  the  omentum,  many  of  these 
latter  having  small  pedicles.  Tubercle  bacilli  were  easily  demon- 
strated, and  there  was  no  doubt  as  to  the  tuberculous  character  of  the 
lesions  nor  that  they  were  produced  by  human  tubercle  bacilli. 

StenstrOm"  inoculated  8  calves  in  various  ways  with  tuberculous 
sputum  rich  in  tubercle  bacilli.  Of  these,  the  following  showed 
positive  results:  No.  224  was  inoculated  intraperitoneal ly  with  5  c.  c 
sputum.  When  killed,  after  6  months,  the  autopsy  showed  many 
valcitied  nodules  upon  the  omentum  and  an  enlargement  of  the  glands 
connected  therewith.  Many  miliary  tubercular  foci  were  present  in 
the  liver,  and  the  posterior  lobe  of  the  right  lung  showed  hypertrophy 
of  the  connective  tissue  on  ita  serous  cover.  No.  820  was  inotnilated 
in  the  lungs  with  20  c.  c.  When  killed,  after  i  months,  it  showed 
many  tubercular  growths  on  the  costal  and  diaphragmatic  pleura,  and 
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tubercular  noduIen  in  two  mediastinal  glands.  No.  883  was  inoculated 
intratracheally  on  O^tolrer  8  with  6  c.  c.  and  on  November  8  with  10  c.  c. 
of  sputum;  was  killed  March  17  and  showed  partially  calcitied  nodules 
in  the  posterior  and  anterior  mediastinal  glands  and  also  in  the  bron- 
chial glands.  StenstrOm  disagrees  with  Ko<-h  and  states  that  be 
found  it  quit*  easy  in  his  experiments  to  infect  cattle  with  human 
tul>ereuIosis. 

Fibigei'  and  Jensen"  attempted  to  answer  the  question  as  to  the 
intercommunicability  of  human  and  bovine  tuberculosis  by  selecting 
from  the  various  hospitals  of  Copenhagen  those  cases  of  tuberculosis 
in  which  the  autopsy  indicated  a  primary  intestinal  infection.  They 
report  in  all  5  cases  of  tuberculosis  in  the  following  .subjects:  (1)  A 
42-year-old  woman,  (2)  an  11-year-old  girl,  (3)  a  6-year-old  boy,  (4)  a 
19-months-old  girl,  and  (5)  a  4-months-old  boy,  A  3-montbs-old  calf 
was  inoculated  in  the  thoracic  cavity  with  a  suspension  made  from  a 
mesenteric  gland  of  ca^e  No.  1.  This  calf  remained  apparently  in 
good  condition  and  was  killed  at  the  end  of  6  months.  Two  miliary 
tul»er<'les  and  a  few  fresh  pearl  nodules  were  found  on  the  pleura.  A 
3-months-old  calf  was  inoculated  with  a  suspension  made  from  the 
spleen  of  a  guinea  pig  which  had  been  inoculated  with  a  mesenteric 
gland  from  case  No.  2.  When  killed,  at  the  end  of  the  fifth  month, 
there  were  found  a  large  number  of  small  red  growths  and  about 
twenty  small  fresh  pearl  nodules  on  the  omentum.  On  the  diaphragm 
there  were  some  small  nodules  and  ext'rescences  and  one  small  excres- 
cence on  the  pulmonary  pleura.  A  calf  was  inoculated  intraperitone- 
ally  with  a  suspension  made  from  the  spleen  of  a  guinea  pig  which  had 
been  inoculated  from  tiise  No.  3.  When  killed,  after  about  5  months, 
the  omentum  was  found  filled  with  tuberculous  growths  and  showed 
countless  small  nodules  of  vaiying  size.  There  were  some  small  nod- 
ules found  on  other  portions  of  the  peritoneum  and  the  surface  of  the 
spleen,  liver,  and  diaphragm  was  covered  with  small  pearl  nodules. 
A  calf  was  inm^ulated  sulK-utaneoiisly  on  the  right  side  of  the  neck 
with  a  suspension  made  from  a  mesenteric  gland  of  case  No,  4.  When 
killed,  at  the  end  of  the  third  month,  there  was  a  large  caseous  mass  at 
the  point  of  inoculation;  the  neighboring  glands  wore  lai^e,  caseous, 
and  calcified;  the  lungs  had  scattered  through  them  many  small  miliary 
nodides,  and  there  were  a  number  of  excrescences  attached  to  the 
pulmonary  pleura.  The  bronchial  and  posterior  mediastinal  glands 
were  enlarged,  hard,  and  contained  fresh,  caseous,  and  calcified 
nodules.  On  the  surface  of  the  liver  there  were  10  small  pearl  nodules. 
Miliary  tubercles  were  scattered  through  the  liver  and  spleen,  and  the 
omentum  was  tilled  with  fine,  diffused,  red  new  growths. 

Two  lO-days-old  calves  were  inoculated  subcutaneouslj'  on  the  side 
of  the  neck  with  a  suspension  made  from  a  mesenteric  gland  from  case 
No.  5,     Both  of  these  animals  died  within  3  weeks  from  secondary 
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infection.  Nevertheless,  there  developed  a  considerable  local  tuber- 
culosis rich  in  bacilli.  From  calf  No.  2  a  third  calf  waa  inoculated 
subcutaneously  on  the  right  side  of  the  neck.  A  large  abscess  formed 
at  the  point  of  injection,  and  the  calf,  being  in  a  dying  condition,  was 
killed  at  the  end  of  about  2  months.  The  autopsy  showed,  in  addition 
to  the  local  leaions,  tuberculosis  of  the  adjacent  lymph  glands,  with 
many  new  growths  on  the  costal  and  diaphragmatic  pleura  and  a  few 
on  the  pulmonary  pleura.  The  lungs  contained  a  countless  number  of 
small  nodules,  in  some  portions  so  close  together  that  the  air  was  prac- 
tically absent.  The  bronchial  and  mediastinal  glands  were  enlarged 
and  caseouH;  the  liver,  spleen,  and  kidnej's  had  miliary  tubercles 
scattered  through  them.  Tbo  intestinal  wall  was  very  rich  in  fresh 
Dodules  and  small  superficial  ulcerations.  The  mesenteric  glands 
were  enlarged  and  tuberculous.  The  omentum  was  rich  in  small  new 
growths,  A  cow  about  10  years  old  was  inoculated  on  the  left  aide  of 
the  neck  with  material  from  calf  No.  1  and  developed  an  abscess  at 
the  point  of  inoculation.  When  killed,  at  the  end  of  4  months,  in 
addition  to  the  local  abscess,  the  neighboring  glands  were  enlarged, 
caseous,  and  calcified.  Miliary  tubercles  were  scattered  through  the 
lungs,  a  nodule  the  size  of  a  pea  was  found  in  the  posterior  mediastinal 
gland,  and  a  small  number  of  nuliary  tubercles  in  the  liver.  The 
authors  say  that  it  is  thus  seen  that  in  the  3  cases  of  tuberculosis  in 
children  the  bacilli  present  were  virulent,  some  of  them  in  the  highest 
degree  for  calves,  and  it  is  proltable  that  the  disease  in  children  was 
caused  by  bacilli  which  came  fixtm  cattle.  In  the  5  cases  there  were 
found  bacilli  having  thegreatest  variation  in  virulence  for  calves,  from 
those  which  were  entirely  avirulent  to  those  which  were  slightly  vir- 
ulent, virulent,  and  of  the  highest  virulence.  They  conclude  by  stating 
that  Koch  announced  that  one  could  distinguish  between  human  and 
bovine  tuberculosis  by  inoculating  calves  subcutaneousJy.  If  this  is 
true,  then  they  are  of  the  opinion  that  3  of  the  cases  just  cited  must 
be  considered  as  "perlsucht,"  and  the  idea  that  tuberculosis  of  cattle 
is  not  virulent  for  men  is  disproved. 

Max  Wolflf "  reports  inoculations  from  a  case  of  primary  tubercu- 
losis of  the  intestines  in  man  which  he  considers  fully  meets  all  the 
requirements  demanded  by  Koch  for  the  experimental  solution  of  this 
uncommonly  important  question.  Two  guinea  pigs  were  inoculated 
with  diseased  spleen.  Seven  or  8  weeks  afterwards  they  gave  unmis- 
takable evidence  of  being  tuberculous,  and  were  in  consequence 
killed.  In  each  animal  both  lungs  were  studded  with  nodules  of  the 
size  of  a  pin  head;  the  liver  contained  numerous  submiliary  nodules, 
and  a  swollen,  chees}'  gland  was  located  at  the  hylus  of  this  oi^n. 
The  spleen  was  studded  with  nodules,  many  of  them  exceeding  the 
size  of  a  pin  head.  A  calf  was  inoculated  in  the  side  of  the  neck 
with  12  c.  c.  of  sterilized  water  in  which  bits  of  a  lung  aod  spleen  from 
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the  guinea  pig  had  been  macerated.  Microscopic  examination  of  this 
material  showed  tubercle  Imcilli  to  be  present  in  very  scanty  num- 
bers. Eighty -three  days  after  inoculation  the  calf  was  killed.  It  had 
become  considerably  emaciated.  The  autopsy  revealed  very  severe 
changes  at  the  point  of  inocuUtion  and  characteristic  pearl  disease  in 
the  internal  organs.  Upon  the  surface  of  the  pleura  were  numerous 
pedunculated  tumors  ranging  in  size  from  a  flaxseed  to  a  cherry,  and 
between  these  were  hyaline  miliary  tubercles.  The  lungs  showed 
many  grayish  tubercles,  and  the  pericardium  was  covered  with  them. 
The  mesentery  contained  countless  small  tumors,  many  of  them 
pedunculated.  The  capsule  of  the  spleen  was  studded,  and  the  liver 
showed  numerous  miliary  tubercles  in  its  pulp  and  on  its  capsule. 
Each  kidney  bore  5  or  6  grayish  tubercles  the  size  of  flaxseed  upon 
its  outer  surface.  The  virulence  of  the  germs  isolated  from  this  calf 
was  further  proven  by  inoculations  upon  the  guinea  pig.  The  author 
thinks  that  it  is  here  proven  that  pearl  disease  of  cattle  may  appear 
in  man. 

Nocard"  states  that  cattle  are  not  refractor^'  to  human  tubercu- 
losis and  that  it  is  etmy  to  give  the  proof  of  this.  If  they  are  inocu- 
lated in  the  arachnoid  cavity  with  a  few  drops  of  a  feeble  culture  of 
the  human  bacillus  they  succumb  in  less  than  a  month,  and  the  autopsy 
reveals  lesions  of  tuberculous  meningitis  absolutely  identical  with 
those  of  children.  A  calf  5  months  old  inoculated  in  this  way  August 
2  succumbed  August  28.  A  portion  of  its  pia  mater,  infiltrated  with 
tubercles,  killed  in  6  weeks  the  guinea  pig  which  received  it  in  the 
peritoneum. 

Arloing"  reports  experiments  with  three  different  cultures  of 
human  origin.  One  of  these  had  been  in  his  laboratory  since  1896. 
It  was  capable  of  infecting  guinea  pigs  and  rabbits  by  subcutaneous 
inoculation,  lie  inoculated  by  intravenous  injection  with  an  emulsion 
of  this  culture  a  heifer,  a  young  calf,  2  sheep,  and  a  kid.  He  says 
that  on  autopsy  the  calf  and  the  sheep  presented  a  superb  eruption  of 
tuberculous  granulations  in  all  parts  of  the  lung,  principally  in  the 
anterior  lobe.  With  the  kid  the  lesions  were  more  diffuse,  and  so 
extensive  that  the  lungs  scarcely  collapsed  when  removed  from  the 
thorax.  The  heifer  showed  signs  of  pleural  disease,  for  very  marked 
excrescences  were  found  on  the  borders  of  the  lung  and  on  their  dia- 
phragmatic surface.  A  small  number  of  tubercles  were  found  scat- 
tered through  the  tung.  With  the  second  culture  he  inoculated 
intravenously  a  calf,  2  sheep,  and  a  goat.  The  autopsy  demonstrated 
the  existence  of  tuberculosis  of  the  lungs  in  all  of  these  animals. 
With  the  calf  there  were  found  a  multitude  of  small  young  tubercles, 
and  the  subpleural  granulations  slightly  raised  in  the  serous  mem- 
brane were  easily  seen.  With  the  sheep  the  lungs  had  but  little  ten- 
dency to  collapse.     There  were   manj'   subpleural  granulations  and 
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small  tuberolcs  throughout  the  parenchyma.  With  the  goat  the 
lesions  recalled  those  found  with  the  .sheep,  but  were  less  confluent. 
With  an  emulsion  of  the  third  culture  he  inoculated  n  young  bull, 
2  sheep,  and  a  goat  by  intravenous  injection.  The  bull  died  at  the 
end  of  32  days.  It  was  considerably  emaciated,  having  lost  .35  kilo- 
grams. The  anterior  and  median  lobe'^  of  the  two  lungs  were  studded 
with  tubercles  of  various  size.'i,  the  lai^est  being  the  size  of  a  millet 
seed.  The  bronchial  and  esoph^^al  glands  were  enormous,  weighing 
400  grams.  In  the  lungri  of  the  sheep  there  were  percei\'od  by  tlie 
touch  an  enormouu  number  of  small  subpleural  tubercles.  On  sec- 
tion there  were  also  seen  many  tuberculous  granulations  in  the  depth 
of  the  parenchyma.  With  the  goat  the  lesions  were  similar  to  those 
found  in  the  sheep,  except  the  granulations  were  ijmaller. 

Behring**  reports  an  experiment  in  which  human  sputum  was  in- 
jected into  a  guinea  pig  and  a  culture  from  this  animal's  spleen  was 
used  for  inoculating  a  goat.  An  emulsion  of  the  spleen  of  the  goat 
was  passed  through  a  series  of  guinea  pigs,  and  a  culture  obtained 
from  the  spleen  of  the  thinl  guinea  pig  was  inoculated  into  a  calf  by 
intravenous  injection.  The  calf  died  after  ■*  weeks,  directly  from  the 
tuberculosis  thus  produced.  At  the  autopsy  the  lungs  wore  found  in 
the  red  stage  of  hepatization.  From  these  organs  tubercle  bacilli  were 
recovered  in  large  numbers.  A  fairly  numerous  collection  of  sub- 
pleural  nodules  were  present,  which  were  yellowish  in  color  and  had 
reached  in  some  instances  the  size  of  pea^.  Tubercle  bacilli  were 
recovered  readily  from  these  nodules.  The  bronchial  glands  were 
swollen  and  tub<>rcle  bacilli  were  proven  present  within  them.  The 
liver  contained  fatty  infiltrations,  and  the  spleen  was  darkened,  but 
scarcely  enlarged.  Tubercle  bacilli  were  recovered  from  it,  but  were 
not  numerous.  The  pronounced  malignity  of  the  virus  in  this  in.stance 
is  worthy  of  particular  notice,  because  it  concerns  Imcilli  derived  from 
human  sputum,  although  they  had  been  passed  tlirough  the  goat.  A 
cow  was  also  inoculated  with  a  tuberculosis  culture  of  human  origin 
after  a  single  passage  through  a  guinea  pig.  The  inoculation  was 
made  intraocularly  on  November  20,  lllOl.  On  .lanuaiy  H,  1(102,  the 
affected  cj-e  was  enucleated  and  a  pure  culture  was  obtained  fmm  it 
after  one  passage  through  a  guinea  pig.  The  cow  did  not  die  at  once 
as  a  result  of  the  inoculation,  but  has  been  gradually  losing  ground, 
and  was  at  the  time  the  report  was  made  in  a  condition  of  chronic 
disease  so  .serious  that  the  final  outcome  could  not  be  foretold. 

Dean  and  Todd,"  who  have  recently  carried  out  certain  experi- 
ments to  ascertain  whether  the  tubercle  bacillus  of  human  origin 
undergoes  any  maiked  change  in  virulence  for  the  bovine  species  by 
passive  through  certain  other  animals,  say  that  "the  experiments 
show  that  the  human  tubercle  bacillus  is  by  no  means  inno<'Uous  to  the 
calf,  as  the  control  animal  injected  directly  with  sputum  contracted  an 
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extensive  glandular  tuberculosis;"  also,  "as  mentioned  above,  with 
reference  to  the  infection  of  the  pig,  an  important  result  was  obtained, 
as  the  experimenta  conclusively  prove  that  this  animal  is  capable  of 
contracting  a  rapidly  fatal  general  tuberculosis  as  the  result  of  inocu- 
lation with  the  tubercle  ba<'illus  of  human  origin." 

These  investigations  are  now  sufficiently  numerous  and  sufGciently 
harmonious  in  their  results  to  establish  the  following  conclusions: 

(1)  The  bacillus  tuberculosis  found  in  human  tuberculosis  differs 
gi-eatly  in  its  pathogenic  powers  as  obtained  from  different  cases. 

{2)  Two  types  of  tubercle  bacilli  may  be  obtained  from  man,  namely, 
one  which  is  somewhat  difficult  to  cultivate,  which  grows  slowly,  and 
the  bacilli  of  which  ai-e  short,  stubby,  and  free  from  beading — the 
so-called  bovine  type;  and  a  second,  which  is  quite  easily  cultivated, 
grows  rapidly,  is  longer,  thinner,  and  inclined  to  show  beaded  and 
curved  forms — the  so-called  human  type. 

(3)  Virulent  cultures  may  be  obtained  from  lH>th  of  these  types, 
which,  when  inoculated  according  to  the  methods  used  by  Koch  and 
upon  the  species  of  animals  specified  by  him,  produce  progressive  and 
fatal  tuberculosis. 

{4)  The  contention  that  human  tuberculosis  can  not  be  transmitted 
to  asses,  sheep,  goats,  hogs,  and  espet^ially  to  cattle,  has  been  com- 
pletely disproved. 

(5)  Kocb^s  failure  to  produce  tuberculosis  in  the  animals  named 
with  bacilli  from  human  sourc«H  was  probably  due  to  the  use  of  bacilli 
of  low  pathogcni<^  power. 

THE   TRANSMISSION    OP   BOVINE   TOBEROULOSIS  TO   MAN. 

Some  interesting  observations  have  also  been  made  during  the 
year  with  reference  to  the  transmission  of  bovine  tuberculosis  to  man. 
Krause  reports  the  case  of  a  laborer  who  was  brought  to  the  clinic  in 
order  to  ascertain  whether  the  trouble  in  his  right  arm  was  due  to 
infection,  and,  if  so,  of  how  long  standing.  The  man  stated  that  he 
was  a  butcher,  whose  duty  it  was  to  i-emove  the  diseased  parts  of  cattle 
killed  for  food.  Three  j-ears  previously  he  ran  a  splinter  of  wood  from 
a  table  into  his  right  thumb,  and  immediately  afterwards  removed  the 
hide  from  a  cow  that  had  been  sick.  Soon  his  ami  swelled  and  pained 
him;  later  it  was  covered  with  discharging  ulcers  of  various  sizes. 
Incisions  were  made  in  the  arm,  but  without  causing  complete  healing; 
afterwards  larger  incisions  were  made,  which  were  successful.  Piece*i 
of  gland  and  skin  from  the  arm  proved  on  examination  to  be  tuber- 
culous. According  to  the  man's  statement,  he  is  of  a  healthy  family, 
30  years  old,  and  had  not  previously  suffered  from  disease.  The  lungs 
were  sound,  as  were  all  the  other  internal  organs,  and  his  mind  waa 
clear.     The  reporter  thinks  there  is  no  doubt  whatever  that  this  was 
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a  case  of  inix^ulation  tiiborculosia  traceable  directly  to  the  splinter 
w  oil  1 1(1  on  the  til  limb. 

Raveuel"*  i-eporled,  in  his  address  at  the  British  Congress  on 
Tuberculosis,  the  case  of  his  as.sii«tant,  who  was  inwulated  with  bovine 
tuberculosis,  and  from  whose  tissues  bacilli  were  recovered  after  58 
days  which  retained  the  acHvitj'  of  the  original  bovine  viriw. 

Quite  recently  Spronck  and  Hoefn^el"  recorded  the  following 
case:  In  May,  ltK)0,  a  veterinarian  accidentally  wounded  with  a  knife 
the  finger  of  a  butcher  who  wa^  astiisting  him  in  inspecting  the  tubercu- 
lous organs  of  a  cow.  The  wound  healed  promptly,  but  was  followed 
in  a  few  dayn  by  tumefaction  and  the  fonnation  of  cracks  in  the  skin. 
The  skin  of  the  finger  t>ocume  thickened  and  blue  in  color  and  the 
cracks  covered  with  little  scabs.  In  February,  Professor  Nareth  extir- 
pated the  affected  portion  of  the  skin,  together  with  the  tumefied 
cubital  ganglia.  The  tuberculous  nature  of  the  cutaneous  lesions, 
aa  well  as  that  of  the  hypertrophied  ganglia,  was  easily  recognized 
both  by  microscopic  examination  and  by  the  inoculation  of  guinea 
pigs.  A  calf  previously  tested  with  tul>erculin  was  placed  in  a  newly 
constructed  stable,  in  which  no  animal  had  been  kept,  and  inoculated 
with  an  emulsion  made  from  the  spleen  of  one  of  these  guinea  pigs. 
Five  days  after  the  inoculation  a  swelling  was  noticed,  and  in  a  few 
days  the  superiicial  cervical  ganglia  were  visibly  tumefied.  The 
animal  soon  exhibited  constitutional  symptoms,  remained  Ij'ing  down 
most  of  the  time,  and  drank  excessively.  The  swelling  increa.sed 
rapidly  and  the  animal  was  slaughtered  57  days  after  the  inocula- 
tion. At  the  autopsy  there  was  found  at  the  point  of  inoculation  on 
the  right  side  of  the  neck  a  tuberculous  granuloma  the  size  of  a 
fist  inclosing  at  its  center  a  lai^  cavity  filled  with  a  soft,  cheesy 
mass.  The  neighboring  superficial  ganglia  were  found  granuloma- 
tous, hypertrophied,  and  hard.  The  pleura  and  the  visceral  folds 
presented  numerous  tubercles,  varying  in  diameter  from  1  to  6  mm. 
The  tissue  of  the  lungs  was  also  the  st>at  of  numerous  tubercle's  of 
similar  size,  each  showing  an  inflammatory  areola.  The  bronchial 
and  mediastinal  glands  were  hypertrophied,  and  on  section  showed 
caseous,  noncalcified  contents.  Similar  conditions  were  found  in  the 
organs  generally  throughout  the  body.  Microscopic  examination 
demonstrated  that  the  tuberculous  foci  contained  abimdant  giant 
cells  and  numerous  tulierclc  bacilli.  Finally,  2  guinea  pigs  which 
had  been  inoculated  with  material  from  the  hypertrophied  cervical 
ganglia^l  in  the  peritoneum  and  the  other  beneath  the  skin^-diod  of 
tuberculosis.  The  bacilli  had  consequently  retained  their  virulence 
for  a  period  of  21)  months,  during  which  they  lived  in  human  tissues. 
These  observations,  according  to  the  authors,  leave  no  doubt  as  to  the 
possibility  of  the  infection  of  man  with  bovine  tuberculosis,  and  they 
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hold  that  cases  of  contagion  innn  the  use  of  milk,  butter,  and  meat  of 
tuberculous  cattle  are  not  so  rai-e  as  Koch  and  Baumgarten  maintain. 

Lassar*'  was  impelled  hy  Koch's  Mtatements  to  rxaiiiine  closely  the 
records  of  his  patients  during  the  past  decade  to  determine  how  many 
of  those  that  were  suffering  from  vernicose  tuberculosis  of  the  skin 
of  the  hands  could  have  been  infected  by  means  of  injuries  received 
in  handling  tuberculous  meats.  He  found  34  <«sos  of  tuberculosis 
following  wounds  in  10K,000  jHitients,  but  only  -t  of  tliis  number 
were  butchers.  He  later  questioned  and  examined  365  men  who  were 
employed  in  abattoirs,  and  found  7  Buffering  from  inoculated  tuber- 
culosis, while  3  others  must  l)e  considered  as  possibly  affected.  This 
shows  2  to  3  cases  to  each  1(H)  men  employed  in  the  a^iattoirs,  and 
only  one-third  of  1  per  l.lXHl  among  persons  otherwise  employed. 

Hills'"  reports  a  case  of  a  miller's  family  in  good  circumstances 
near  Manderschied,  composed  of  the  miller,  his  wife,  five  eons,  and  two 
daughters,  all  herculean  in  stature  and  boastful  of  strength  and  health, 
Consimiption  had  never  occurred  in  the  families  of  either  of  the  par- 
ents. The  mother  became  affected  with  pulmonary  catarrh,  which 
aroused  a  suspicion  of  tuberculosis,  but  after  a  few  months  she  was 
again  healthy.  During  the  following  year  the  13-year-old  daughter 
became  ill  of  pulmonary  tuberculosis  and  died.  "The  same  year  an 
18-year-old  son  died,  and  the  following  year  a  iJ3-year-old  son.  Two 
years  after  her  first  illness  the  mother  sickened  and  died;  then  followed 
the  death  of  a  16-year-old  daughter,  then  the  father,  and  finally  the 
third  son,  all  of  pulmonary  tuberculosis.  For  one  of  the  two  remAio- 
ing  sons  a  tubertnilous  aljscnss  of  the  linger  was  treated,  which  healed. 
These  two  men  are  still  living,  Huls  thinks  that  the  view  of  contagion 
from  the  sick  members  of  the  family  can  not  be  held,  since  there  was 
practically  no  contact.  These  cases  appeared  subsequently  to  the  intro- 
duction by  the  miller  of  a  herd  of  Simmentbal  cattle  on  his  farm.  Thcae 
cattle  were  all  practically  infected  with  tuberculosis,  and  it  was  scarcely 
possible  to  dispose  of  the  meat  on  account  of  its  infected  condition. 
Many  of  the  carcasses  were  returned  on  account  of  being  tuberculous, 
so  that  later  the  owner  was  compelled  to  sell  the  cattle  without  a 
guaranty  as  to  their  condition. 

Consideruig  these  facts,  in  connection  with  those  of  similar  bearing 
previously  reported,  it  may  be  said  that  the  transmission  of  bovine 
tuberculosis  to  man  is  fairly  well  established.  The  apparent  inocula- 
tion of  a  human  subject  with  boWne  tubercular  material,  the  develop- 
ment of  a  tubercular  process  at  the  point  of  inoculation,  the  isolation 
from  the  human  tissues  months  afterwards  of  a  tubercle  bacillus  hav- 
ing the  characteristics  of  the  bovine  bacillus,  constitute  a  chain  of 
evidence  that  is  conclusive. 
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INVBTIOATIONH   BE&RIHlt    ttFON   tNTBBTlNAI.   INPBDTtOtl. 

Heller"  has  made  an  iDvestigation  as  to  the  comparative  frequency 
of  primary  intestinal  tuberculosis.  He  Mays  that  it  is  well  known  that 
tuberculosis  frequently  appears  after  diphtheria,  and  he  therefore 
investigated  to  determine  first  how  oftfin  tuberculosis  was  present 
before  the  attack  of  diphtheria,  and,  second,  how  often  the  primary 
lesions  were  located  in  the  intestine. 

Sections  were  made  from  714  victims  of  diphtheria,  and  among 
these  140,  or  19.6  per  cent,  were  found  to  have  an  associated  affection 
of  tuberculosis  in  various  organs. 

2,  or   1.43  per  cent,  showed  primary  intestinal  tuberculosis. 

8,  or   5.7    per  cent,  showed  primary  intestinal  and  mesenteric  gland 

tubercnlosis. 
88,  or  23.5    per  cent,  showed  primary  mesenteric  gland  tubeixulosis. 


oo,  or  zo.a    per  cent,  snowea  primary  meseni 
43,  or  30.7    per  cent,  of  all  the  tuberculosis  ( 


per  cent,  of  all  the  diphthei 
10,  or   7.1    per  cent,  had  mesenteric  gland  tuberculosis,  with  affec- 
tion of  other  abdominal  organs. 

53,  or  37.8    per  cent,  of  all  tubei-culosis  cases. 

53,  or   7.4    per  cent,  of  all  diphtheria  cases. 

In  addition  to  these,  there  were  6  other  cases  affected  with  tuber- 
culosis of  the  intestines  or  of  the  mesenteric  glands,  together  with  a 
tubercular  affection  of  the  lungs. 

With  30.7  per  cent  of  so  many  tuberculosis  cases  showing  primary 
lesions  in  the  int«stines  or  mesenteric  glands,  the  argument  against 
infection  by  ingestion  of  tuberculous  food  which  was  raised  by  Koch 
and  based  upon  German  statistics  appears  to  be  greatly  weakened. 

Gottstein,**  in  a  recent  statistical  study  relative  to  the  etiology  of 
tuberculosis,  concludes  that  among  children  in  Berlin  the  mortality  of 
those  at  the  breast  i.s  but  slightly  more  than  half  as  much  from  tuber- 
culosis as  among  those  otherwise  nourished,  the  proportion,  as  he  finds 
it,  being  as  6  to  10.  He  a!so  finds,  in  studying  the  statistics  of  23 
lai^  cities  and  university  cities,  where  the  returns  are  especially 
reliable,  that  whereas  there  has  been  a  reduction  of  the  mortality  at 
all  ages  from  tuberculosis,  this  reduction  has  been  distinctly  less  in 
children  under  15  years  of  age  than  in  persons  over  that  age.  From 
this  he  concludes  that  "  the  thought  is  not  to  be  set  aside  that  in  the 
etiologj-  of  tuberculosis  in  children  and  in  grown  people  very  important 
differences  must  occur.  There  must  be  assumed  for  the  infection  of 
children  another  source  than  for  that  of  grown  people,  and  it  certainly 
is  natural  to  conclude  from  the  difference  established  statistically  that 
the  source  of  children's  tuberculosis  is  to  be  sought  jmrtly  in  nourish- 
ment with  milk  containing  tubercle  bacilli,  while  the  decrease  since 
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1894  is  to  be  traced  back  to  the  better  general  and  individual  prophy- 
laxis in  the  care  of  milk.'' 

An  examination  of  the  vital  statistics  of  Massachusetts  and  Michi- 
gan, the  only  States  from  which  sufficiently  complete  records  were 
received,  indicates  a  tendency  of  the  same  nature  in  the  development 
of  tuberculosis  in  the  United  States.  In  the  Vital  Statistics  of  Ala:«- 
sachusetts,  1853-1896,  the  2  years  1856-1857  are  conti-asted  with  the 
2  years  1894-1895.  In  the  2  years  first  mentioned,  for  the  period 
under  5  years  of  age,  there  were  46.3  deaths  from  pulmonary  phthisis 
to  1,000  deaths  from  all  causes.  In  the  2  years  last  mentioned  there 
were  but  15.6  deaths  from  pulmonary  phthisis  to  1,000  deaths  from  all 
causeti,  or  one-third  as  many.  This  is  a  very  gratifying  reduction  in 
the  phthisis  death  rate.  Let  us  see,  now,  how  it  is  with  other  forms 
of  tuberculosis.  In  the  2  years  first  mentioned  there  were  in  the  same 
age  class  70.7  deaths  from  other  forms  of  tuberculosis  to  each  1,000 
deaths  from  all  causes;  and  in  the  2  years  last  mentioned  there  were 
96.2  deaths  from  other  forms  of  tuberculosis  to  each  1,000  deaths 
from  all  causes.  That  is,  in  this  40  years  there  appears  to  have  been 
an  increase  of  36  per  cent  in  the  forms  of  tuberculosis  other  than 
phthisis  in  the  class  under  5  years  of  age,  while  there  was  a  reduction 
in  the  mortality  of  phthisis  at  all  ages  of  about  45  per  cent.  The  vital 
statistics  of  Michigan  show  that  in  that  State  during  the  years  1870 
to  1884,  inclusive,  taking  the  class  under  6  years  of  age,  there  were  for 
each  100  deaths  from  consumption  81.8  deaths  from  other  forma  of 
tuberculosis;  during  the  years  1885  to  1897,  inclusive,  there  were  104.3 
deaths  from  other  forms  of  tuberculosis  to  each  100  from  consump- 
tion, while  during  the  3  years  1898  to  1900,  inclusive,  there  were  263.3 
deaths  from  other  forms  of  tuberculosis  to  each  100  from  consump- 
tion. Why  this  tremendous  increase  in  mortality  from  other  forms 
of  tuberculosis  as  compared  with  consumption  at  what  has  well  been 
called  the  milk-drinking  age  of  life? 

Another  important  question  which  was  discussed  by  your  committee 
in  its  last  report  has  reference  to  the  posMibility  and  frequency  of 
tubercular  infection  through  contaminated  food  when  the  primary 
lesions  are  elsewhere  than  in  the  abdominal  cavity.  The  frequency 
with  which  infection  may  occur  through  the  walls  of  the  upper  air 
passages,  and  particularly  those  of  the  naso-pharynx  and  pharynx, 
was  shown.  From  recent  experiments  it  appears  that  there  is  very 
likely  another  channel  by  which  such  infection  may  readily  occur.  It 
is  a  common  observation  that  tubercle  bacilli  may  penetrate  the  intes- 
tine and  produce  tubercles  in  the  mesenteric  glands  without  causing 
any  lesions  at  the  point  where  they  pass  through  the  intestinal  wall. 
It  has  been  frequently  held,  however,  that  they  could  not  enter  the 
thoracic  duct  and  the  blood  ves-scls  without  first  passing  through  and 
being  arrested  by  a  lymphatic  gland. 


^j  By  Google 


BOVINE   TUBERCULOSIS   AND   PUBLIC   HEALTH.  49 

Dobroklonski "  in  189(>  conducted  some  investigations  from  which 
he  concluded  that  tuberculoHis  may  certainly  affect  the  organism  by 
the  digestive  tract.  For  this  infection  to  occur  it  is  not  necessary 
that  there  should  exist  a  lesion  of  the  intestinal  wall,  an  epithelial 
desquamation,  nor  any  local  modilication  whatever,  nur  an  interior 
inflammatory  process.  The  tuben;ular  virus  (bacilli  as  well  as  spores) 
may  easily  traverse  the  completely  normal  epithelial  lining  of  the 
intestine.  The  tubercle  bacilli  as  well  as  their  spores,  unless  they 
remain  a  long  time  in  contact  with  the  intestinal  wall,  are  not  capable 
of  causing  inflammatory  processes  in  this  wall,  nor  modifications  of 
the  epithelial  coat. 

In  1895,  Desoubry  and  Porcher"  made  investigations  with  dogs  to 
learn  if  microbes  of  various  kinds  may  pass  through  the  intestinal  Wall 
and  enter  the  thoracic  duct.  They  took  chyle  directly  from  the  cistern 
of  Pecquet,  and  also  blood  from  the  portal  vein.  In  both  cases  they 
demonstrated  the  presence  of  bacteria.  The  species  were  not  deter- 
mined, but  they  observed  cocci,  bacteria,  and  bacilli.  They  say,  in  con- 
clusion, that  it  seems  to  follow  from  their  experiments  that  microbes 
may  follow  the  lumen  of  the  chyle  vessels.  Every  time  that  the  ani- 
mal received  either  fat  or  milk  they  constantly  found  bacterial  species 
in  the  chyle.  They  ask.  May  we  not  infer  from  this  that  the  microbes 
pass  into  the  chyle  vessels  by  means  of  the  globules  of  fat't 

Quite  recently  Nicolas  and  Descos"  have  experimented  in  a  similar 
manner  after  feeding  tubercle  bacilli  to  dogs.  These  investigators  fed 
a  soup  composed  of  from  1  to  li  liters  of  milk,  according  to  the  size 
of  the  animal,  from  80  to  lUO  grams  of  fat,  and  about  100  grams  of 
bread  to  dogs  which  had  fasted  24  to  3(5  hours.  The  animals  were 
killed  from  3  to  3}  hours  later.  The  chj'le  for  examination  was  taken 
from  the  cistern  of  Pecquet  or  the  thoracic  duct.  After  each  experi- 
ment a  complete  autopsy  was  made  to  assure  the  authors  that  the  ani- 
mal did  not  possess  any  tuberculous  lesion  and  that  the  inte.stine  was 
perfectly  normal.  The  presence  of  tubercle  bacilli  was  demonstrated 
by  the  coloration  of  the  microscopic  preparations  and.hy  the  inocula- 
tion of  guinea  pigs.  Positive  results  were  obtained  by  both  methods. 
The  authors  conclude  as  follows:  The  essential  fact  brought  out  by 
these  experiments  is  that  3  hours  after  the  ingestion  of  tulwrcle  bacilli 
the  chyle  and  the  lymph  of  the  thoi-acic  duct  may  contain  bacilli  and 
even  virulent  bacilli  in  a  sufficient  number  te  cause  tuberculosis  in  the 
guinea  pig.  They  think  it  quite  interesting  to  know  that  this  may 
occur  under  conditions  which  approach  quite  closely  those  of  a  child 
fed  with  tuberculous  milk. 

To  recapitulate,  recent  investigations  show  that— - 

(1)  While  the  bacilli  of  human  tuberculosis  are  often  of  feeble  viru- 
lence for  cattle,  there  is  a  considerable  proportion  of  cases  in  which 
these  bacilli  are  virulent  for  cattle  as  well  as  other  animals. 
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(2)  Bacilli  of  both  the  bovine  type  and  the  human  type  have  been 
obtained  from  cases  of  human  tuberculosis. 

(3)  Bovine  bacilli  introduced  into  the  human  tissues  by  accidental 
inoculation  have  lived,  multiplied,  and  produced  disease  at  the  point 
of  inoculation,  and  have  been  recovered  after  a  considerable  time 
with  their  vitality  and  virulence  unimpaired. 

(4)  Various  statistical  studies  indicate  that  a  considerable  propor- 
tion of  the  cases  of  human  tuberculosis,  and  particularly  with  chil- 
dren, orif^nate  through  the  ingestion  of  the  bacilli  with  contaminated 
food. 

It  appears  to  your  committee,  therefore,  that  the  conclusions  of 
Koch,  announced  at  the  British  Congress  on  Tuberculosis,  to  the 
effect  that  bovine  and  human  tuberculosis  are  different,  that  human 
tuberculosis  can  not  be  conveyed  to  cattle,  and  that  man  is  insuscep- 
tible to  bovine  tuberculosis  are  disproved  and  should  no  longer  have 
weight  with  sanitarians.  The  evidence  brought  forward  indicates 
that  greater  care  should  be  exercised  to  prevent  human  infection  with 
bovine  tuberculosis,  and  particularly  to  guard  children  from  tubercu- 
lous milk. 
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BOTINE  TUBERCFLOSIS  AFFECTING  THE   PUBLIC 
HEALTH.    (Third  report.)" 

By  D.  E.  Salmon,  D.  V.  M., 

Cftie/  of  the  Bureau  of  Ammat  Tnduitry  and  Chairman  of  the  Committee  mi  AnimtU 

IHneoH*  and  Animal  i^bwj  of  the  American  PuMic  Health  /twocioftint. 

Your  committeo  on  animal  diseases  and  animal  food  huve  the  honor 
to  make  the  following  report  with  reference  to  tuberculosis,  and 
regret  that  the  time  at  the  chairman's  disposal  has  not  permitted  the 
inclusion  of  other  subjects  which  are  also  of  great  interest  at  this 
time.  ^ 

In  the  last  two  reports  presented  by  this  committee  considerable 
space  was  devoted  to  the  subject  of  tuberculosis,  and  particularly  to 
that  phase  of  it  which  relates  to  the  transmi^ision  of  the  disease  from 
animals  to  man.  It  was  shown  from  a  review  of  the  facts  obtained  by 
difiFerent  methods  of  inquiry  that  the  clinical  evidence,  the  evidence  of 
statistics,  and  the  evidence  from  experimental  researches  all  favored 
the  conclusion  that  animal  tul>ei'culosis  was  a  factor  in  the  causation 
of  human  tuberculosis,  and  it  was  held  that  sanitarians  should  advo- 
cate and  enforce  measures  to  prevent  the  transmission  of  the  disease 
from  animals  to  man.  This  question  is  so  important  and  so  much 
uncertainty  has  been  caused  by  the  paper  presented  at  the  British 
Congress  on  Tuberculosis  by  Koch,'  and  by  his  subsequent  address 
at  the  International  Conference  on  Tuberculosis  at  Berlin,"  that  it  is 
deemed  advisable  to  continue  the  discussion  in  the  present  report. 

The  fact  that  tubercular  material  from  human  subjects  often  failed 
to  produce  serious  disease  in  cattle  was  observed  by  a  number  of  the 
earlier  investigators  who  experimented  with  such  virus.  It  was  the 
experiments  and  comparative  studies  of  Theobald  Smith,  however, 
which  attracted  special  attention  to  the  difference  in  virulence  shown 
by  tubercle  bacilli  from  human  and  bovine  sources  when  inoculated 
upon  cattle.  Smith"  mentioned  also  certain  morphological  and  cul- 
tural differences  in  bacilli  from  these  two  sources,  and  in  the  location 
and  histology  of  the  lesions  in  cattle  produced  by  such  bacilli.  He 
did  not  conclude,  however,  that  bovine  bacilli  could  not  produce  dis- 
ea'^e  in  the  human  subject,  but  said: 

It  seems  to  me  that,  accepting  the  clinical  evidence  oo  hand,  bovine  tubercuIoMB 
may  be  transmitted  to  children  when  the  body  is  overpowered  by  lai^  numbers  of 
l>aci1li,  aa  in  udder  tuberculosis,  or  when  certain  unknown  favorable  conditions 
exist. 

"Report  of  committee  on  animal  diseases  and  animal  food  to  the  Ameriisn  INiblic 
Health  Aasociation,  at  Washington,  D.  C,  October  26-30,  1903. 
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that  human  tuberculosis  is  not  transmissible  to  cattle.  Again,  how 
are  we  to  explain  the  human  cultureij  of  medium  virulence!  Are  they 
human  hacilli  which,  for  some  unknown  reason,  are  increaijtng  in  vir- 
ulence and  approaching  the  activity  of  the  bovine  bacillus?  Or  are 
they  really  twvine  Imcilli  which  have  multiplied  in  the  human  body 
until  their  virulence  has  become  attenuated?  In  whatever  manner 
these  questions  are  decided  it  would  seem  that  the  tindtngs  of  the  Ger- 
man commission,  instead  of  supporting  Koch's  views  that  we  can 
decide  with  certainty  by  the  inoculation  of  cattle  as  to  the  source  of 
any  given  bacilluin,  really  show  that  this  method  of  diagnosis  is 
extremely  uncertain  in  the  present  condition  of  our  knowledge. 

It  is  definitely  admitted  that  4  of  the  human  cultures  caused  general- 
ized tuberculosis  in  cattle ;  but  Kossel  suggests  that  it  might  be  possible 
that  the  bacilli  in  cases  of  human  tubcrculoHis  under  certain  circum- 
stances could  likewise  attain  a  very  high  pathogenic  activity  for 
cattle  without  being  for  that  reascfh  bovine  bacilli.  Undoubtedly  tiie 
German  commission  is  confronting  the  two  horns  of  a  dilemma,  either 
one  of  which  is  fatal  to  the  view.s  of  Koch  as  stated  with  such  positive- 
neas  at  London.  If  we  accept  this  suggestion  thrown  out  by  Kossel, 
we  must  conclude  that  Koch  was  wrong  in  his  claim  that  human 
tuberculosis  can  not  Iw  transmitted  to  cattle,  and  thus  with  one  blow  we 
destroy  the  entire  experimental  support  which  he  had  for  his  argument 
before  the  British  Congress  on  Tuberculosis,  And  if,  on  the  other 
hand,  we  accept  the  conclusion  which  follows  from  the  principle  laid 
down  by  Koch  for  the  discriui (nation  between  human  and  bovine 
bacilli,  and  which  appears  to  be  favored  by  Kossel,  we  must  admit 
that  bovine  tuberculosis  is  an  extremely  important  factor  in  the 
etiology  of  human  tuberculosis.  Of  the  39  cases  of  human  tuberculosis 
tested,  4,  or  over  10  per  cent,  were  virulent  for  cattle  and  would  be 
clussihed  as  of  bovine  origin;  but  these  4  cases  were  all  found  among 
the  16  cases  of  tuberculosis  in  children  which  the  commission  investi- 
gated; hencre  it  is  plain  that  25  per  cent  of  the  cases  tested  of  tuber- 
culosis in  children  would  by  Koch's  method  be  classified  as  of  bovine 
origin. 

In  the  Bureau  of  Animal  Industry  two  distinct  lines  of  experiments 
have  been  carried  on,  in  order  that  one  might  serve  as  a  check  against 
the  other.  There  has  been,  however,  no  discrepancy  in  the  results. 
De  Schweinitz,"  in  the  Biochemic  Division,  Bureau  of  Animal  Indus- 
try, has  isolated  9  cultures  from  human  tuberculosis.  Two  of  these 
were  derived  from  human  sputum,  3  from  cases  of  generalized  tuber- 
culosis in  adults,  and  4  from  cases  of  generalized  tuberculosis  in  chil- 
dren. By  comparing  these  cultures  with  a  newly  isolated  virulent 
culture  of  bovine  tuberculosis,  there  were  found  among  them  2  cultures 
from  children  which  were  identical  in  their  cultural  and  morphological 
characters  with  the  bovine  bacillus.    These  cultures  also  killed  rabbits 
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aod  guinea  pigs  in  aa  short  a  time  aa  did  the  bovine  bacillus.  Hogs 
which  were  inoculated  subcutaneously  with  these  2  cultures  from  chil- 
dren died  of  generalized  tuberculosis.  Two  calves,  weighing  over 
300  pounds  each,  were  inoculated  subcutaneously  with  these  virulent 
human  cultures,  and  as  a  result  developed  generalized  tuberculosis. 
A  yearling  heifer  inoculated  with  1  of  the  cultures  showed  generalized 
tuberculosis  when  killed  3  months  after  inoculation.  Both  the  cattle 
and  the  hogs  had  been  tested  with  tuberculin  and  found  to  be  free 
from  tuberculosis  before  the  inoculations  were  made.  It  ia  important 
to  observe  in  this  connection  that  2  out  of  i,  or  50  per  cent,  of  the 
cultures  obtained  from  cases  of  generalized  tuberculosis  in  children 
proved  virulent  for  cattle. 

Mohler,"  working  in  the  Pathological  Division,  Bureau  of  Animal 
Industry,  has  obtained  3  very  virulent  cultures  of  tubercle  bacilli 
from  the  human  subject.  A  goat  inoculated  subcutaneously  with  1 
of  these  cultures  died  in  37  days  with  miliarj-  tuberculosis  of  the 
lungs  involving  the  axillary  and  prescapular  glands.  This  ba<nllus 
was  obtained  from  the  mesenteric  gland  of  a  boy.  Of  still  greater 
interest  ia  a  bacillus  isolated  by  Mohler  from  human  sputum.  A 
goat  inoculated  subcutaneously  with  a  culture  of  this  germ  died  in 
95  days  of  pulmonary  tuberculosis.  A  cat  inoculated  in  the  same 
manner  died  in  23  days  of  generalized  tuberculosis.  A  rabbit  simi- 
larly inoculated  died  in  59  days  of  pulmonary  tuberculosis.  Another 
rabbit  inoculated  with  a  bovine  culture  for  comparison  lived  10  days 
longer  than  the  one  inoculated  with  this  sputum  germ.  Mohler  also 
inoculated  subcutaneously  a  1-year-old  heifer  with  a  culture  deiived 
from  the  tubercular  mesenteric  gland  of  a  boy  4  years  of  age.  This 
culture  was  always  refractory  in  its  growth  under  artificial  conditions, 
and  the  bacilli  were  short,  stubby  rods  corresponding  in  appearance 
with  the  bovine  type.  At  the  autopsy,  held  127  dajs  after  the  inocu- 
lation, the  general  condition  was  seen  to  be  poor  and  unthrifty,  and 
large,  hard  tumors  were  found  at  the  points  of  inoculation.  On  the 
right  side  the  swelling  measured  3J  by  6  inches,  and  the  correspond- 
ing lymph  gland  was  2S  inches  long  by  IJ  inches  in  diameter.  This 
gland  contained  numerous  calcareous  foci;  one  of  these  at  the  apex 
was  an  inch  in  diameter.  The  lesions  on  the  left  shoulder  of  the 
animal  were  very  similar  to  those  found  on  the  right  side,  but  the 
dimensions  of  the  tumor  were  slightly  less.  The  lungs  presented  an 
irregular  mass  of  tubercular  nodules,  and  7  or  8  grape-like  nodules 
were  seen  on  the  parietal  pleura.  Bronchial  and  mediastinal  lymph 
glands  contained  numerous  tubercular  foci,  and  the  pericardium,  peri- 
toaeum,  spleen,  and  liver  were  also  affected. 

In  order  to  throw  some  light,  if  possible,  upon  the  morphological 
constancy  of  the  difEerent  types  of  tubercle  bacilli,  Mohler  was 
requested  by  the  chairman  of  your  committee  to  make  comparative 
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studifts  of  ha<'illi  from  \'arious  sources,  and  which  had  been  passed 
through  \-arious  species  of  animals,  by  making  the  cultures  upon  dog 
serum  after  the  method  described  })_v  Theobald  Smith.  Some  impor- 
tant results  have  been  obtained.  One  culture  of  human  bacilli  which 
had  morphological  and  cultural  peculiarities  similar  to  those  of  the 
boTine  bacillus,  and  which  only  produced  local  lesions  in  cattle,  was 
passed  through  a  series  of  5  cats.  It  was  then  found  to  be  completely 
changed  in  its  morphological  characters,  the  rods  being  elongated, 
slender,  more  or  less  beaded,  and  entirely  of  the  human  type.  But 
far  from  decreasing  in  virulence,  as  might  be  expected  from  ita  mor- 
phological appearance,  this  bacillus  had  .so  increased  in  its  pathogenic 
activity  that  it  now  produced  generalized  tuberculosis  in  a  cow.  This 
cow  was  inoculated  subcutaneously  in  front  of  each  shoulder  with 
2  c.  V.  of  a  salt  solution  emulsion  of  the  tuberculous  omentum  of  the 
last  cat  of  the  series.  The  cow  -rapidly  lost  flesh,  had  a  temperature 
of  101°  F.,  with  the  point  of  inoculation  and  adjacent  glands  greatly 
swollen.  The  autopsy  revealed  generalized  tuberculosis,  involving 
the  lungs,  mediastinal  gland.s,  spleen,  liver,  and  kidneys.  Tubercle 
bacilli  of  the  bovine  type  obtained  from  the  mesenteric  glands  of  a 
sheep,  hog,  and  cow  were  similarly  transformed  in  their  morpholog- 
ical appearance  after  being  passed  through  a  series  of  cats  and  recov- 
ered on  dog  serum.  These  bacilli  also  increased  in  virulence,  as  the 
Ea.st  cat  in  the  series  invariably  succumbed  in  a  shorter  time  than  the 
first  of  the  series. 

These  experiments  and  observations  indicate  that  the  typea  of 
tul>ercle  bacilli  arc  very  inconstant,  and  that  under  suitable  conditions 
they  readily  change  iKtth  in  morphology  and  in  virulence.  A  similar 
conclusion  was  reached  by  other  investigators  in  working  with  the 
avian  and  piscine  types  of  tubercle  bacilli  several  years  ago,  and  was 
reasonably  to  have  been  expected  with  the  human  and  bovine  type^^. 

It  must  be  plain  to  all,  from  these  recent  developments,  that  too 
much  ha.s  been  made  of  the  slight  differences  in  cultural  characteristics, 
in  morphology,  and  in  virulence  which  have  been  observed  in  some 
cases  in  comparing  the  human  and  the  bovine  bacilli.  The  observa- 
tions were  interesting,  and  it  was  important  that  they  should  be  fol- 
lowed up  until  their  signilioance  was  made  entirely  clear;  but  it  was 
an  almost  unpardonable  error,  from  a  sanitary  point  of  view,  to  pro- 
mulgate sweeping  genei-allzations  calculated  to  arrest  and  abolish 
important  mea.sui'cn  for  preventing  human  tuberculosis  before  the 
soundness  of  these  generalizations  had  been  established  by  a  thorough 
course  of  experimentjition. 

AVhen  Koch  said  in  the  British  Congress  on  Tuberculosis  that  he 
should  estimate  the  extent  of  infection  by  the  milk  and  flesh  of  tuber- 
cular cattle  and  the  .butter  made  of  their  milk  as  hardly  greater  than 
that  of  hereditary  transmission,  and  that  he  therefore  did  not  deem  it 
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advisable  to  take  an}'  measures  against  it,  be  went  far  beyond  what 
was  justified  by  any  experiments  oi-  obnervationH  wbich  he  reported, 
and  he  did  an  immense  amount  of  harm  which  will  l>e  manifested  for 
years  to  come  to  those  who  endeavor  to  g^ard  the  human  race  from 
the  dangers  of  animal  tuberculosis.  The  researche:^  to  which  your 
committee  has  alluded  make  these  dangers  more  definite  and  certain 
than  they  have  appeared  before,  and  Hanitariiin.s  i^hould  therefore  most 
earnestly  endeavor  to  counteract  the  erroneous  and  harmful  impres- 
sion which  was  made  b}'  Koch's  addrcris  at  London  and  hia  subsequent 
address  at  the  International  Conference  on  Tuberculosis  at  Berlin. 

Now  that  the  conclusions  of  the  London  address  are  shown  to  be 
incori'ect  and  ba.sed  on  insufficient  experimentation,  it  is  well  that  some 
attention  should  be  given  to  the  Berlin  address,  in  which  certain  rules 
were  laid  down  for  testing  all  clinical  evidence  l)efore  it  can  be  accepted 
as  indicating  the  transmission  of  tuberculosis  from  animals  to  man. 
While  your  committee  agrees  that  it  is  advisable  to  scrutinize  clinical 
evidence  as  carefully  as  possible  before  it  is  accepted  as  influencing 
the  decision  of  such  an  important  question,  consistency  demands  that 
we  should  accept  clinical  evidence  bearing  upon  the  transmission  of 
bovine  tuberculosis  to  man  on  the  same  terms  that  we  accept  evidence 
bearing  upon  the  tiunsmission  of  tuberculosis  from  man  to  man.  For 
instance,  Koch  said  in  hia  London  address,  "So  the  only  main  .source 
of  the  infection  of  tuberculosis  is  the  sputum  of  consumptive  patients." 
How  does  he  know  this?  Has  he  any  evidence  to  support  this  con- 
clusion which  will  stand  the  requirements  which  he  has  laid  down  for 
those  who  oppose  his  views  with  reference  to  the  transmission  of  ani- 
mal tuberculosis  to  man!  If  so,  this  evidence  h»s  not  yet  been  pre- 
sented. Your  committee  believes  that  the  principal  source  of  tuber- 
culosis in  man  is  infection  from  other  tuberculous  human  subjects,  but 
it  also  believes  that  a  considerable  proportion  of  the  cases  of  tubercu- 
losis in  man  is  due  to  infection  from  animal  sources;  and  in  weighing 
the  evidence  by  which  we  are  to  fix  more  rigorously  the  relation 
which  those  two  sources  of  infection  bear  to  each  other  it  is  logical 
that  we  should  apply  the  same  rules  of  evidence  in  each  case. 

The  rules  which  Koch  formulated  for  testing  the  evidence  as  to 
bovine  infection  are  given  below,  with  such  brief  comments  as  your 
committee  feels  they  deserve: 

(1)  Certain  proof  of  tubercle,  and  where  possible  the  primary  focus 
must  be  supplied. 

To  this  condition  no  objection  is  raised,  but  it  should  be  remarked 
that  the  location  of  the  primary  focus,  which  is  made  so  much  of,  is  of 
little  value  in  determining  the  origin  of  the  infection.  It  has  been 
clearly  shown  by  various  investigators,  whose  work  has  been  referred 
to  in  the  preceding  repoi-ts  of  this  committee,  that  tubercle  bacilli  may 
pass  through  the  walls  of  the  intestine  without  producing  any  lesion 
at  the  point  of  entrance,  and  that  their  first  point  of  lodgment  and 
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multiplication  may  be  the  mesenteric  glands,  the  liver,  spleen,  or  even 
the  lungs.  On  the  other  liand,  Koch  has  told  us  that  the  locatioo  of 
^  the  primary  lesion  in  the  intestine  is  of  no  significance,  because  human 
as  well  as  animal  bacilli  may  be  swallowed  and  may  be  the  cause  of 
such  lesions.  It  is  therefore  not  at  all  apparent  that  this  is  an  essential 
point. 

(^)  Other  sources  of  infection  must  be  excluded  with  certainty. 

This  condition  appears  to  exclude  all  clinical  evidence  bearing  upon 
the  source  of  tubercular  infection.  How  is  it  possible  to  prove  that  any 
given  individual  has  not  been  exposed  to  the  bacilli  of  human  tuber- 
culosis! And,  for  the  same  reason,  how  is  it  possible  to  prove  that 
any  given  individual  has  not  been  exposed  to  the  bacilli  of  animal 
tuberculosis  i  It  may  be  said  that  this  consumptive  person  had  habitu- 
ally been  in  a  room  with  another  consumptive  patient  and  was  infected 
from  that  patient;  but  how  can  you  prove  that  this  person  never  ate 
any  tuberculous  meat,  never  partook  of  any  tuberculous  milk,  never 
ate  any  butter  containing  the  tubercle  bacillus,  never  had  an  opportu- 
nity to  be  indirectly  infected  from  the  hands  of  cooks  or  from  table 
utensils  which  bad  been  in  contact  with  tuberculous  meat,  milk,  or 
butter,  and  was  never  exposed  to  the  infection  scattered  in  so  many 
ways  by  tuberculous  animals 'i  It  is  impossible  to  exclude  with 
certainty  all  these  sources  of  infection,  and  if  we  apply  the  condition 
under  discussion  to  the  evidence  upon  which  Koch  based  the  assertion 
that  the  main  source  of  the  infection  of  man  is  the  sputum  of  con- 
sumptive patients  we  should  find  no  part  of  it  that  would  stand  the 
test.  Now,  is  it  logical  to  accept  clinical  evidence  as  to  the  transmis- 
sion of  tuberculosis  from  man  to  man  by  one  set  of  rulesandto  require 
an  entirely  different  set  of  rules  when  considering  evidence  as  to  the 
transmission  of  the  same  disease  from  animals  to  man'f  Your  com- 
mittee is  of  the  opinion  that  clinical  evidence  should  be  regarded  as 
valuable  in  confirming-  experimental  researches,  or  in  indicating  the 
probable  facts  where  experimentation  has  been  insufficient  or  is  impos- 
sible, but  that  it  is  too  much  to  expect  that  clinical  evidence  will  be 
forthcoming  as  to  the  transmission  of  tuberculosis  which  will  exclude 
all  possible  sources  of  error. 

(3)  In  each  case  of  alleged  infection  from  milk  affected  with  bovine 
tuberculosis  the  condition  of  the  rest  of  the  people  who  have  taken 
the  same  milk  should  be  borne  in  mind.  These  fellow-consumers  form 
to  a  certain  extent  a  control  experiment,  and  if  of  the  numerous  peo- 
ple who  have  drunk  the  suspected  milk  only  a  single  one  sickens,  this 
weighs  decidedly  against  the  belief  that  this  one  person  was  infected 
by  the  common  food. 

This  condition  also  is  regarded  by  your  committee  as  illogical  and 
impossible  of  general  application  without  discarding  all  clinical  evi- 
dence upon  this  question.     If  we  apply  it  to  the  alleged  cases  of 


BOVIME   TUBEECULOSia    AND   VUBLIC    HEALTH.  59 

Sputum  infection,  we  find  it  is  seldom,  indeed,  tlmt  the  disease  in  more 
than  one  person  van  be  traced  with  any  probabiliti'  to  the  same  tuber- 
culous patient,  although  scores  of  persons  may  have  been  exposed  to 
that  patient.  Most  people  who  escape  tuberculosis  have  nevertheless 
been  exposed  many  times  to  tuberculous  patients,  but  this  is  not  suflG- 
cient  reason  for  concluding  that  others  have  not  contracted  the  disease 
by  similar  exposure.  Tuberculosis  is  a  disease  which  is  communicated 
with  such  difficulty  among  people  under  ordinary  conditions  of  life, 
by  exposure  either  to  diseased  persons  or  to  tuberculous  food,  develops 
so  slowly,  and  varies  so  much  in  the  period  which  elapses  before 
symptoms  are  observed,  that  it  is  only  very  rarely  that  groups  of 
cases  are  observed  which  even  appear  to  have  originated  from  the 
same  source.  And  3-et  how  erroneous  it  would  be  to  exclude  clinical 
evidence  su^esting  contagion  because  only  one  of  those  exposed  to  a 
cer^D  consumptive  patient  had  contracted  the  malady. 

(i)  The  source  of  the  milk  should  be  attended  to.  Since  in  recent 
years  it  has  become  more  and  more  evident  that  milk  containing 
tubercle  bacilli  is  yielded  only  by  sucli  cows  as  suffer  from  tubercu- 
losis of  the  udders,  the  general  statement  that  someone  has  drunk  milk 
from  a  cow  suffering  from  tuberculosis  no  longer  suffices  to  prove  to 
us  that  bovine  tuberculosis  bacilli  have  really  reached  his  digestive 
organs.  It  must  be  from  a  cow  with  tuberculosis  of  the  udder,  and 
therefore  a  statement  on  this  subject  should  not  be  wanting  in  a  report 
on  milk  infection  if  it  is  said  to  be  complete. 

Your  committee  finds  this  statement  of  fact  to  be  incorrect,  since 
the  tendency  of  recent  investigations  by  competent  persons  is  to  make 
it  more  and  more  evident  that  cows  with  tuberculosis  may  yield  milk 
containing  tubercle  bacilli  when  the  udders  present  no  signs  of  the 
disease.  The  argument  is  therefore  antiquated.  Of  the  many 
experiments  that  have  been  made  to  determine  the  proportion  of 
tuberculous  cows  which  yield  infectious  milk,  the  average  results  are 
about  15  per  cent,  while  the  cases  of  tuberculosis  of  the  udder  are 
about  2  per  cent.  In  recent  investigations  made  by  Mohler,  of  the 
Bureau  of  Animal  Industry,  with  56  reacting  cows,  it  was  found  that 
12  of  these, or  21.4  per  cent,  at  one  time  or  anotherduring  the  experi- 
ment gave  milk  which  contained  virulent  tubercle  bacilli.  Undoubt- 
edly cows  with  tuberculosis  of  the  udder  yield  milk  containing  a  larger 
number  of  tuberculosis  bacilli  than  do  those  in  which  the  udder  remains 
unaffected,  and  arc  therefore  more  dangeixjus,  but  it  has  been  clearly 
shown  that  other  tuberculous  cows  may  yield  virulent  milk. 

So  much  for  the  conditions  laid  down  by  Koch  for  testing  clinical 
evidence  bearing  upon  the  transmission  of  tuberculosis  from  animals 
to  man.  The  effort  to  rule  out  all  such  evidence  by  applying  impos- 
sible tests  does  not  meet  with  our  approval,  but  fortunately  clinical 
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evidence  is  no  longer  neceasary  for  deciding  the  question.  The  sub- 
cutaneous injection  of  cattle  with  pure  cultures  of  the  tuberculosis 
bacillus  from  human  sources,  which,  according  to  Koch,  "yields  quite 
specially  characteristic  and  convincing  results,"  has  proved,  in  tbe 
hands  of  the  German  commission  no  less  than  in  those  of  independent 
investigators,  that  bovine  tuberculosis  is  communicable  to  man.  It 
will  require  much  work  to  decide  with  even  approximate  accuracy  the 
proportion  of  human  tuberculosis  caused  by  animal  infection;  but  the 
fact  that  25  per  cent  of  the  cases  in  children  investigated  by  the 
German  commission,  and  50  per  cent  of  similar  cases  investigated  by 
deSchweinitz,  showed  by  this  test  that  they  were  caused  by  animal  infec- 
tion is  sufScient  to  convince  us  that  measures  should  be  taken  and 
enforced  at  once  to  guard  against  infection  from  this  source. 

In  concluding,  your  committee  desires  to  express  its  appreciation  of 
the  prompt,  intelligent,  and  indefatigable  work  of  those  scientific 
investigators  who  took  up  this  question  immediately  after  it  was  brought 
to  the  front  at  London,  and  in  the  comparatively  short  period  of  about 
two  years  have  furnished  the  material  for  definitely  settling  it,  so  far 
as  the  principal  contention  is  concerned. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  or  Aoricdlturb, 

BoREiAu  or  Animal  Industry, 
Wash'n(ff,m,  D.  C,  Decwnier  1,  1903. 
Sir:  I  hare  the  honor  to  transmit  herewith  copies  of  such  Federal, 
State,  and  Territorial  laws  relating  to  cootagious  and  infectious  dis- 
eases of  animab  as  were  enacted  during  the  years  1902  and  1003,  and 
recommend  that  thej'  be  published  as  Bulletin  No.  5i  of  this  Bureau. 
Prior  to  1901  it  had  been  the  custom  to  publish  these  laws  biennially 
in  the  report  of  this  Bureau,  but  the  laws  of  1900  and  1901  were 
published  separately  in  bulletin  form  ho  as  to  avoid  taking  up  the 
much-needed  space  of  the  report.     The  present  bulletin,  therefore,  is 
designed  to  }>e  a  continuation  of  Bulletin  No.  43  of  this  Bureau,  which 
contained  the  aforesaid  laws  of  1900  and  1901. 
Respectfully, 

D.  E.  Salmon, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Sticretary. 
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LAWS   FOR  THE  CONTROL   OF  CONTAGIOUS   DISEASES 
OF  ANIMALS. 


UNITED  RTATES. 


Jie  U  enacted  bi/  the  .Seniite  iind  Ilotai  of  RejiTrn'Tiinliree  nf  the  United  tholes  of  America 
n  Conffreae  nssemliled: 

SecfioN  1.  That  in  order  to  enable  the 
Bt'crelarj-  of  ARricultun 
press  and  extirpate  i 
pneumonia,  foolran<1-mouth  dieease,  and  otber  dangerous  <-ontagioua,  iufectioiia,  and 
communicable  diseaaea  in  cattle  and  otiier  live  atock,  and  to  prevent  tbe  apr^d  of 
such  tliaeaees,  the  powers  conierred  on  the  Secretary  of  the  Tr^ury  by  eectiona  four 
and  five  of  an  act  entitled  "An  act  fortlieeetabliahmentof  a  bureau  of  animal  indus- 
try, to  prevent  the  exjiortation  of  diseeBet)  cattle,  and  to  provide  means  for  the  aup- 
Sreseion  and  eittirpati'in  of  pleuro-pneumonla  and  oilier  contaeioua  diaeasee  among 
omestic  aniniala,  approved  May  29,  1884  (23  U.  S.,  31),  are  hereby  conferred  on 
the  Se<Telary  of  Agneulture,  to  be  exerciseil  exclusively  by  him.  He  ia  hereby 
authoriiwd  s.aA  direct«;<l,  from  time  to  time,  to  establiah  each  rules  and  regulations 
concerning  the  exportation  and  transportation  of  live  stock  from  any  place  within 
the  United  States  where  he  may  have  reason  to  believe  such  diseafies  may  exist,  into 
and  through  any  State  or  Territory,  including  the  Indian  Territory,  and  into  and 
through  the  District  of  Columbia  and  to  foreign  countriea,  as  he  may  deeui  necessary, 
and  all  such  rules  and  re|i;ulationa  shall  have  the  force  of  law. 

si.1.  .».„„«.„  ..d  re..  .boii.h,d.  jsrs^KssS'A'ir.rs.s'; 

shall  issue  a.  certificate  showing  that  such  officer  had  inspect«d  any  («ttle  or  other 
live  stock  which  were  about  to  be  shipped,  driven,  or  transported  from  such  locality 
to  another,  as  above  stated,  and  ha<l  found  Ihem  free  from  Texas  or  splenetic  fever 
infection,  pi  euro-pneumonia,  foot-an<l-niouth  disease,  or  any  other  infectious,  conta- 
gious, or  communicable  <lisease,  such  animals,  ao  inspected  and  certified,  may  be 
shipped,  driven,  or  transported  from  such  pla(«  into  and  through  any  State  orTeiv 
ritory,  including  the  Indian  Territory,  and  into  and  through  the  District  of  Colum- 
bia, or  they  raav  be  exported  from  the  United  States  without  further  inspection  or 
Uie  exaction  of  fees  of  any  kind,  except  such  as  may  at  any  time  be  ordered  or 
exacted  by  the  Secretary  of  A^culture;  and  all  such  animals  shall  at  all  times  be 
under  the  control  and  supervision  of  Ihe  Bureau  of  Animal  Indnatry  of  the  Agricul- 
tural Department  for  tbe  purpoaes  of  such  inspection. 


deem  proper  to  prevent  the  introduction  or  dissemination  of  any  contagious,  infec- 
Uoua,  or  communicable  diaease  of  animals  from  a  foreign  country  into  the  United 
States  or  from  one  State  or  Territory  of  the  United  States  or  the  District  of  Columbia 
to  another,  and  to  seize,  (quarantine,  au<1  dispose  of  any  hay.  straw,  forage  or  similar 
material,  or  any  meats,  hides,  or  other  animal  products  i-ominj;  from  an  infected  foi^ 
eign  country  to  the  United  Slates,  or  from  any  State  or  Territory  or  the  Diatrict  of 
Columbia  in  transit  to  another  State  or  Territory  or  the  District  o'f  Coluinbia,  when- 
ever in  his  judgment  such  action  is  advisable  in  order  to  guanl  agwnst  the  introduc- 
tion or  8i>rcad  of  such  contagion. 
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O  BUBEAn    OP   ANIMAL   INDUSTRT. 

pi.  Sue.  3.  That  any  person,  componj',  or  corponktion  knowingly  violating 
*'  the  provisions  oi  this  act  or  the  omerH  or  iv|[ulationa  made  in  pursoance 
thereof  ebail  be  ^It;  of  a  misdemeanor,  and  on  conviction  shall  he  punished  by  a 
Ane  of  not  lees  than  one  hundred  dollan  (SlOO)  nor  more  than  one  thousand  dollars 
{$1,000),  or  by  impriRonDient  not  more  than  one  year,  or  l>y  both  such  fine  and 
imprisonment- 
Approved  February  2,  1903. 

AN  ACT  Making  appro[iriaUons  lor  (be  Department  of  Agrlnultnre  For  the  Aiml  jeti  ending  June 
thirtieth,  ntneleeii  hundrstand  four. 

jt  ofiht  United  SUdn  of  Amerirn 


Eher(ibncv    appropriation:     To  enable  the 
Secretary   of  Agriculture   to  stamp  out  and 
eradicate  the  foot-and-mouth  disease  and  other 
contagious  dineaaes  of  animals,  to  be  used  for  no  other  purpoee,  five  hundred  thou- 
sand dollars  (ISOO,000). 
Approved  Maroh  3,  l(»3. 


AN  ACT  Appropriating  the  ai 
relt^Hnary  xanltary  board  (or  dlwawd  animaLH  kiLlecl  by  order  \>l 
lie  it  enacted  by  ilie  General  Atemliiy  of  Ike  l^atf.  of  Cotomdn: 

AnnrAnrlatlAn  for  dlsoaoed  S^*^"*'-'  '■  That  there  is  hereby  appropriated,  out  of 
Appropmuon  lor  fliwaseo  f„„^^  j^  j^^  ^^^        „^j  otherwise  anpropri- 

animals  mied.  ^j^,^  j^o  sum  of  two  thouMind  one  hundred  dollare 

($2,100),  or  »o  much  thereof  as  may  be  neceasary,  to  make  i>aymeiit  in  full  of  any 
and  all  outstanding  anil  unpaid  certlficalen  issued  i>y  or  under  the  authority  of  the 
State  veterinary  sanitary  board,  (or  iliseased  animalH  heretofore  killed  by  order  of 
said  board. 

Wa«h<ui  at  nD«n>oi.t  S"*"'  2.  Upou  presentfltiou  and  Burrander  Of  aaid  outplandinfc 
neinoa  or  payMeni,  r(,rtificat#H  the  auditor  of  state  is  hereby  authorized  and 
directed  to  draw  warranla  in  favor  of  the  holders  and  owners  of  saiil  certifioatefl  (or 
the  full  amount  of  said  certifi rales,  respectively;  such  warrants,  however,  not  to 
exceed  in  all  the  sum  of  two  thoiwand  one  hundred  doltars  (J2,100),  and  said  war- 
rants shall  be  paid  by  the  Stat*-  treasurer  upon  prewentation  thereof  to  him,  out  of 
any  moneys  in  the  State  tn-aHury  not  otherwise  nppropriate<l. 

RiBBivPiK-*  planHA      ^''^-  ^-   ^"  ^^^  opinion  of  the  general  assembly  an  emergency 
BiBergency  cianse.    ^^^^,  therefore,  this  act  ahall  take  effect  and  be  in  fon» 
from  and  after  its  passage. 
Approved  April  14,  1903. 

AN  ACT  To  establish  a  guts  board  ot  slock  Iniipectlon  (>omml»iloner!>,  to  prewribe  thHr  duties  and 
Doweis.  toDroTlde  lor  the  Innpectton  u(  llvt'  Wrick  betons  shipment  hvrailitiad  or  removal  beyond 

of  thla  State,  tr '■■■•  '~-  ■>■ ' ' ■ '  ^' ■■  — •■  ' '— 

nuidlwa«;Bln 

repeal  all  acta  aad  parts  of  arts  In 

Be  it  enacted  by  the  (lenerai  AsxohMi/  of  the  fitaU  of  Odorado: 
eoTernor  to  «ppoliit »  commla-    *^"'™''  '■  T'"' «°™™'  "ta"  wiomt.  upon  the 
■^  Bioners,  to  be  known  as  the  State  board  of  stock 

inspection  commii^ioners.  of  whom  live  shall  be  actual  and  practical  cattle  men,  three 
a<,'tual  and  practical  sheep  men,  and  one  an  actual  and  practical  horae  man.  Only 
such  men  shall  be  eliphle  to  serve  on  said  board  as  are  actual  owners  of  cattle,  sheep, 
or  horses  in  the  Htate  of  Colorado,  and  whose  main  industry  and  occupation  is  Idle 
live-stock  businpi'w,  and  the  person  or  persons  chofieii  to  represent  the  cattle,  rfieep, 
or  horse  interests  shall  be  mainly  engaged,  res|)ectively,  in  the  cattle,  sheep,  or  horse 
industry.  Such  commissioners  shall  \>e  appointed  fi)r  the  term  of  two  years,  which 
term  shall  commence  May  1,  1903,  and  biennially  thereafter. 


agninet  Injeotioiu  dlws»v9  In  UvuNlnck.  to  provide  penaltfes  forthe  vlolal 


laws:  oontagioub  dibgasi:b  op  dohistic  AimtALS.        9 

Bbc.  2.  The  memberH  of  the  State  board  of  stock 
inHpection  commiseionera  shall  receive  no  salary  or 
emolument  whatsoever. 

-■>«___  -r  h_»j  *»  .~«_iiiiii«-— 1  Sec.  3.  Said  board  shall  make  guch  rules  and 
Powers  of  board  of  comnliwi oners.  ,^p,|ationB  touching  the  mamier  ot  inspec- 
tion of  brands  and  live  stock,  and  afiecting  quarantine  and  sanitary  conditions,  as 
they  shall  deem  proper;  provided,  that  the  same  do  not  conflict  with  this  act. 

AM— a  ^r  tL_  ka.»i     a.i..^    Sac.  4.  There  shall  be  chosen  at  the  first  meeting 
Oacers  of  the  board.    Salary    „(  «,id  board  a  president,  a  secr^tarv,  and  a  tre.^ 
or  secretary.  ^^^  thereof.    The  preeident  sliall  \>e  one  of  the 

members  ot  said  board,  and  shall  preside  at  the  meetings  of  the  board  and  perform 
each  other  duties  as  may  be  deleftatetl  to  him  by  the  iKiard  as  the  chief  officer 
thereof.  The  secretaryshall  enter  into  a  bond,  to  he  approved  by  said  board,  running 
to  the  jK-ople  of  the  IState  of  Colorado,  in  the  sum  of  Ave  thousand  dollars  ($5,000), 
conditions  for  the  faithful  performance  of  duty,  which  said  bond  shall  be  filed  with 
the  secrt-tary  of  Htste.  The  secretary  of  sai<l  board  shall  devote  his  entire  time  and 
attention  to  the  1)ui'inera  of  said  board,  and  shall  keep  accurate  records  of  all  trans- 
actions thereof,  as  well  touching  the  insiiection  of  live  stock  and  quarantine  regula- 
tions as  all  matters  and  things  done  hy  said  board,  and  all  moneys  received  and 
expended  bysiud  board.  It  shall  he  his  duty,  immediately  upon  the  receipt  thereof, 
to  turn  over  to  the  treasurer  of  swd  board  all  moneys  which  may  come  into  his  hands 
as  such  secretary,  and  shall  annually  file  in  the  office  of  the  governor  of  the  State  a 
statement  of  the  acts  and  doings  of  said  board  for  the  previous  year.  The  secretary 
shall  receive  as  compensation  the  wum  of  fifteen  hundred  dollars  ($1,500)  per  year, 
to  be  paid  out  of  the  inspection  fund  by  warrants  drawn  monthly  upon  the  Stata 
treasurer  by  the  State  auditor. 

>ii». .,...._-  „»  K»..j  Kn-d  ._j  j-ti^  Sbc.  5,  The  treasurer  shall  be  chosen  from 
Treasurer  of  board,  bond  and  dntles.  ^^^  ^^^^„  of  said  boanl  and  shall  enter 
into  bond  for  ten  thoupand  dollars  ($10,000),  conditioned  as  provided  for  the  secre- 
tary by  section  four  of  this  act,  which  said  bond  shall  be  filea  with  the  secretary  of 
stat«. 

It  shall  he  the  duty  of  the  said  treasurer  to  receive  and  account  for  all  moneys  and 
funds  of  whatiwever  character  coming  into  the  charge  and  custody  of  said  board,  or 
the  secretary  thereof,  and  to  disburse  and  pay  out  tiie  same  upon  proper  orders  and 
vairants  issued  by  said  board,  and  to  keep  accurate  and  exact  accounts  of  the  same, 
and  to  render  saia  board  once  in  every  six  months,  or  oftener  if  required  by  saia 
board,  full,  complete,  and  accurate  statement  of  all  moneys  or  funds  received  by  him, 
all  sums  paid  out  or  disbur^e^l,  and  showing  the  balance  in  his  hands,  and  the  source 
from  which  all  moneys  were  ret'cived,  and  on  what  account  the  same  were  paid  out, 
and  to  what  fund  the  lialance,  if  any,  belongs. 

i-«Ai-<n— «  .-J  _.i—    Bbc.  8.  It  shall  be  the  duty  of  the  boanl  of  stock  inspec- 
Appolntmentaad  salary    ^^^_  ^^  ^^^^  g^^  meeting  of  said  lx>ard,  to  appoiMa 
Di  sienvKrapner.  competent  stenographer  to  assist  the  secretary  of  said 

board,  which  stenographer  shall  receive  not  to  exceeil  nine  hundred  dollars  ($S00) 
per  annum,  to  be  paid  in  monthly  warrants  drawn  by  the  State  auditor  and  to  he 
paid  by  the  State  treasurer  from  the  stock-inspection  fund. 

Appolntneit  of  Inspectors,    ^^-  ^-  P^^*'  ^<l  »«a«l  ^^all  have  full  authority  and 
■aim  awA  hjHiS^  power  to  appoint  such  r««ular  and  special  brand  and 

saiarj'  ana   Dono,  sanitary  inspectors  as    they  shall  deem  expedient 

and  necessary  tor  the  proper  protection  of  the  live-stock  interests  of  the  State.  All 
said  inspectors  shall  lie  under  the  control  and  direction  of  said  board,  and  subject  to 
its  rules  and  regulations.  As  com|iensation  for  their  services  the  regular  brand 
inspectors  thall  receive  not  to  ex<-eed  one  hundred  dollars  ($100)  per  month,  and 
the  auditor  of  state  shall  draw  his  warrant  therefor  upon  vouchers  approved  by  the 


president  and  secretary  of  said  IxMird,  and  the  State  treasurer  shall  ray  the  st 
of  the  inspection  fund:  Prm-ided,  That  no  voucher  shall  be  drawn  by  said  board  in 
excess  of  the  amount  of  money  In  said  inspection  fund.  Saitl  boanl  shall  be  author- 
ized to  employ  spetial  brand  inspectors  when  and  where  needed  for  special  inspec- 
tion, and  which  said  special  inspectors  shall  be  jiaid  such  proportion  ot  fees  collected 
by  virtue  of  such  inspection  as  the  board  may  allow.  Inspectors  mav  be  re(|uired 
to  enter  into  a  bond  m  the  sum  of  twenty-five  nundred  dollars  ($2,500),  conditional 
as  provided  by  section  four  of  this  act. 

i«««i_t— ._»  »»  .,.1—1   —  .»».....      Sec.  8.  It  shall  be  the  duty  of  the  board 

JntlM,  »1.1T,  efe  ,j|„i„,  .  S„„,;„,  v,ttrin,ry  ,,,^11 

as  State  veterinary  surgeon.     Before  entering  U]x>n  the  duties  of  his  office  the  sud 
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veterinar}-  surgeon  ehall  give  a  bond  in  the  sum  of  ton  thoueand  doUiira  (tlO,OOD)  for 
the  faithful  performance  of  his  dutite,  with  good  and  Ruflicient  Buretjes,  ae  condi- 
tioned in  section  four  of  this  act,  which  e^d  lK>[id  aball  be  filed  with  the  secretary 
of  state.  It  shall  be  the  duty  of  the  SUte  veterinary  surgeon  to  investigate  anv  or 
all  cases  of  contagious  diseases  or  infectious  diseases  among  the  domestic  animals  of 
this  State  which  may  come  to  his  knowledge,  and  for  that  purpose  he  shall  visit  at- 
.  once  BUY  locality  within  the  State  where  any  such  disease  may  be  reported  to  exist, 
and  shall  make  full  and  careful  examination  of  all  or  any  animals  in  that  locality. 
He  shall  preecribe  the  proper  care  and  neceaaary  remedies,  inaugurate  and  direct  the 
nece^rary  sanitary  measures  to  pivvent  the  spread  of  such  disease,  and  report  the 
same  to  the  State  board  of  stock  inspection  commissioners.  He  shall  perform  any 
other  and  further  duties  as  may  tie  prescrilied  by  law  or.by  rule  of  the  State  board 
of  stock-inspection  commissioneia.  The  State  veterinary  surgeon  shall  be  paid  an 
annual  salary  of  fifteen  hundre<l  dollars  (fl,500).  and  heshall  be  allowed  not  toexcced 
five  hu!idr«i  dollars  (f6fl0)  per  j-ear  for  the  i)a\nient  of  expenses  necessarily 
incurred,  as  evidenced  by  vouchers,  in  traveling  through  the  Ktate  in  performance 
of  his  official  duties,  to  be  paid  monthly  out  of  the  State  treasury,  upon  wanwits 
drawn  by  the  State  auditor  upon  the  stock  inspection  fund. 

i)....j  __.  dianiaa  ^uni^.^aa  ^^'-  "-  All  officers  and  appomtpes  of  the  State 
Board  maydtsmlM  employecB.  ,^^  ^f  stock-insi^t.on  ramml^one™  shall 
hold  office  only  during  the  pleasure  of  said  board,  and  may  ]>e  removed  by  the  said 
board  at  any  time.   . 

D_  »i„ti..^..  »n-  ~  — ..«i~..  Sec'.  10.  The  State  boar\l  of  stock-inspection  com- 
"iS'.lSHtHn!,  ^r"?™"*'  niissionere  may  make  and  adopt  suet  quarantine 
tmporUtions,  et«.  Fees.  ^,,  aanilary  niulalions  aKe,:tin^  the  movement  of 
live  stock  into  and  out  of  tlie  State  of  Colorado,  and  within  the  Itorders  of  said  State, 
as  mav  from  time  time  be  necessary  to  prevent  the  introduction  into  the  State,  or  the 
spread  within  the  State,  of  any  contagious  or  infectious  disease,  and  tlie  expenses  of 
such  quarantine  measures,  ana  the  carrj^ing  out  of  such  regulations  shall  l>e  made  by 
the  imposition  of  a  fee  of  three  cents  )>«'r  hea>l  on  all  cattle  and  horHee,  and  one  and 
one-half  cents  per  head  on  all  stieep  enterin|c  the  State  of  ('olorado  from  any  quaran- 
tined or  infected  territory,  ami  whenever  the  State  tioard  of  stock-inspection  com- 
iniHsionersHhall  know,  or  have  good  reason  to  believe,  that  any  contagious  or  infectious 
disease  exists  in  any  locality  in  any  oilier  State,  Territory,  or  country,  or  that  there  are 
conditions  which  render  domestic  animals  from  such  infei^ted  <listnclH  liable  fobrin)c 
such  diseaae  into  this  State,  they  may  report  the  same  to  the  governor  of  the  State  of 
Colorado,  whereupon  he  shall,  by  i>roclam8tJon.  prohibit  the  importation  of  any  such 
live  stAck  into  this  State,  unless  accomitaniett  hy  certificate  of  health  g^ven  by  the 
veterinary  surjfieon  or  sanitary  insiiectors  appointed  by  the  State  board  of  stock- 
inspection  coininissioners,  which  surgeon  or  sanitary  i[isp(>ctor  shall  carefully  exam- 
ine all  such  live  stock  previous  to  the  giving  of  such  certificate.  All  fees  connected 
witJi  such  examinations  are  to  l>e  paid  by  the  owner  or  owners  of  suchstockso  exam- 
ined: Provided,  That  no  sanitary  int<[iection  shall  be  necessary  and  no  fees  collected 
from  Uie  owners  of  any  animals  to  which  a  clean  bill  of  health  has  been  previously 
nanted  by  the  Federal  authorities  within  ten  days  from  the  day  they  have  entered 
the  State,  or  such  other  further  time  as  the  lioard  may  determine  in  its  rules  and  reg- 
ulations, and  that  no  fee.  shall  lie  collected  from  the  owner  of  any  animals  entering 
this  State  by  railroad  in  direct  route  to  other  States  or  Territories,  and  which  do  not 
remain  in  the  Stale  of  Colora<lo  for  a  longer  period  than  is  required  for  watering, 
unloading,  or  feeding  in  transit. 

cnt,  •i.~p,i"»~t«"!  1""".  ?„";is„'»Eii'".'S,„'''i^rs;°„sr'i;3 

salary,  etc,  rei'ommendation  of  ten  wool  grower,  residente 

of  any  county  in  the  State,  appoint  some  practical  sheep  man  inspector  of  said 
county.  Said  insjieclor's  duly  shall  l)e  to  prevent  and  Huppress  any  infectious  or 
contagions  diseases  among  sheep,  under  such  regulations  aa  may  lie  prescribeil  by  the 
boanT  Said  sheep  inspector  snail  be  raid  three  dollars  (f3)  per  day  for  the  actual 
time  employe'l,  and  bis  actual  tiaveling  exjienses,  not  to  exceeil  three  hundred 
dollars  (¥300)  in  any  one  year,  to  lie  ]iaid  out  of  the  stock-inspe<-tion  fund  upon  his 
sworn  voncher,  to  l>e  approveii  by  thp  county  commiwioners  of  said  county. 

i>«_.._o  ^r  h^i— J  t~  ...».,....<    Set.  12.  It  shall  be  the  dutv  of  the  State  board.ot 
Powers  of  board  to  preveiil     ^t^k-inspection  conimissionere  to  make  and  adopt 
spread  of  dlseu.e.  ^„^^   ,|uirantine   and    sanitary   regulations   as   are 

deemed  necessary  to  prevent  the  introduction  of  southern  or  splenic  fever,  con- 
tagious pleuro-pneumonia,  or  any  other  contagious  or  infectJous  disease,  under  such 
regulations  as  ^all  not  conflict  with  this  act,  and  it  nhall  have  power  to  order  the 
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deetmction  of  xtork  to  prevpnt  the  xpread  of  liiix'aw  or  t"  eranh  out  Roch  dieenae, 
when  deemed  neceasary  Dy  the  boanl  for  the  public  safety. 

B»n.  ..,  order  ..ck  d...™,.d.    fl^LloX^JT'dlrSf^SS^i; 


o  be  killed,  for  which  no  compensation  shall  be  paid. 

p».itr  for  Ti...ti„,  r.,.i.u..,.  fs,  '4,r "..isi,"^  STSS  ,:i; 

antine  or  Banitary  provision  of  this  act,  or  any  brand,  sanitary  or  quarantine  rule, 
notation,  or  order  ol  the  board,  made  in  pnrauance  of  its  official  duties,  shall  be 
gnilty  of  a  misdemeanor  and  npou  conviction  thereof  shall  be  fined  in  the  sum  of 
not  more  than  five  hundred  dollars  ($500)  or  imprisonment  in  the  county  jail  tor  a 
period  not  to  exceed  one  year,  or  by  both  such  fine  and  imprisonment. 

Sbc,  Ifi.  For  the  purpose  of  this  act  each 
Board  ua;  seenre  eTldeact  on  oath,  member  of  the  State  board  of  stock-inspec- 
tion C(immt»«ionerB,  the  secretary  of  said 
boanl,  and  tlie  Btate  veterinary  surgeon  is  authorized  ti}  adniinister  oattis  for  the 
pnrpo«e  of  eliciting  information  to  be  used  in  the  furtherance  of  quarantine  and  sani- 
tary reflations. 

Sbt.  18.  In  addition  to  the  funds  now  provided  by  law  for 
Braad-lBBpeetlon  f«eB.     the  purpose  of  providinji;  the  State  lioard  of  stock -inapec- 

.-__    ■__:.. ^.-jj^  sufficient  funds  wherewith  I 


meet  and  defray  its  expenses,  it  is  hereby  made  the  duty  of  the  brand  inspectors 
appointed  by  said  boanfto  charge  and  collect  a  tee  of  not  to  esce«l  three  cents  (3c.) 
per  head,  as  a  brand-inspection  tax,  on  all  cattle,  horses,  anil  mules  to  be  shipped  by 
rail  from  any  ^int  in  this  State  to  any  point  without  tJiie  State,  or  to  be  driven  out 
of  the  State,  said  fee  to  be  determined  ny  said  board  of  stock-inspection  commission- 
ers, and  to  be  collected  by  said  brand  inspectors  from  the  owners  or  ]>ereonB  in  charge 
of  said  cattle,  horses,  orniu1e«,  beforeiteuinKany  certificate  of  brand  inspection  grants 
ing  leave  to  the  owners  or  pernons  in  charge  of  said  cattle,  horses,  or  muiev,  to  load 
the  same  into  railroad  cars  for  shipment  from  any  point  within  this  Rtate  to  any 
point  without  this  State,  or  to  drive  t!ie  same  iieyond  the  boundaries  of  this  State, 
and  the  fee  so  collected  shall  te  reported  and  tran'siintted  to  the  State  board  of  stock* 
inspection  commissioners  at  such  time  and  in  such  manner  as  it  shall  by  r^ulation 
require:  Proi'idfd,  That  in  no  rase  shall  said  fees  exceed  one. dollar  ($1 )  for  any  cai^ 
load  of  cattle,  horses,  or  muies  so  Bbippe<l  or  driven:  Profiled  furUier,  That  no  fee 
shall  be  charged  for  an  inspection  made  where  stock  is  shipped  from  one  point  to 
another  within  the  State. 

Animals  going  out  of  State    ^"^-  '^-  1'  ^^^  ^  j!^**  '*"*J'  °^  «'«y  Pe^n.or 
™lr=*  «i~*  k-  tJ^,^Z.tJ^  persons,  firm,  association,  or  corpofBtion  shipping 

muBt  flrst  be  inspected.  ^^j|„^  j;^^^  ^^  „^^l^  j^^^  any'point  within  thil 

State  to  any  point  within  or  without  tills  State,  or  intending  to  cfrive  same  t>eyond 
the  boundaries  of  this  State,  to  hold  the  same  at  some  convenient  place  for  inspection, 
as  hereinaftiT  provide<i  by  this  act.  And  it  shall  be  unlawful  for  any  person  or  per- 
sons, firm,  amociation,  or  corporation  to  ship  any  cattle,  hon>e8.  or  mules  iii)on  an^ 
railroad  in  this  State,  or  to  drive  the  same  Iwyond  the  boundaries  of  this  State  until 
the  same  shall  have  been  duly  inspected  as  hereinafter  provided. 

C_,._,  ,  ,  .ii_.„j„  .„  „i.i„  Sec.  18.  It  shall  be  unlawful  tor  any  railroad 
"JX^^^l  'i»h*,^i?''*iit™«„f  company  to  receive  tor  transportation  any  hetd, 
«!l?S«.r  Inspection     ^J^   J  ^^,^^   ^j  tattle, 'hon-es,  or  muW 

cenineate.  ^^^^■^  ^^^^  ^^^^  ^j^^jl  j^^^^.^  been  duly  inspected 

as  hereinafter  required  by  tliia  act,  and  until  such  railroad  company  shall  have  been 
furnished  with  a  certificat*)  by  a  duly  authorized  brand  inspector,  showing  tliat  the 
brands  or  earmarks  UiKin  such  cattle,  horaes,  or  mules  have  been  duly  inspected  as 
required  by  this  act;  and  anv  railroad  company,  or  any  officer,  agent,  or  servant,  of 
any  railroad  company,  who  shall  violate  the  nrovisions  of  this  section,  shall  l)e  guilty 
of  a  misdemeanor,  and  upon  conviction  shall  be  fined  not  more  than  five  thousand 
dollars  ($5,000). 

Sec.  19.  Every  person  or  persons,  firm,  atwociation  or 
corporation,  or  their  or  either  of  their  ajxents,  serv- 
ants, or  employees,  having  in  charge  cattle, lioises,  or 
moles  destinetf  for  transportation  by  rail  from  any  point  wimin  this  State  toany  point 
within  or  without  this  Stale,  or  to  !»  driven  beyond  the  boundaries  of  this  State, 
shall  make  application  to  the  State  board  of  stock  inspection  commissioners,  or  sonic 
duly  authorized  inspector  of  said  board,  tu  inspect  the  brand  or  brands  and  ear- 
marks of  any  such  entile,  horses,  or  mules,  stating  in  such  application  the  time  and 
place,  when  and  wher«  said  animals  will  lie  ready  tor  inspection,  anil  it  Hhall  Ixt  tlie 
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duty  of  mch  inHpector,  or  some  oth«r  inspector,  to  be  de8ig;iuit«d  bf  the  said  booid, 
within  tw«nty-foiir  houre  aft^r  the  reception  of  sitch  notice,  to  attend  at  the  place 
detiignat^d  in  such  apiilicatinn,  and  inspect  tiaid  cattle,  horses,  or  mules,  make  the 
neceBsary  record  and  give  the  neceesary  certificate  requireil  by  the  provisione  of  thia 
act.  In  all  cases  of  cattle,  hornefl,  or  mules  transported  by  rail,  tlie  place  of  infipec- 
tion  shall  be  at  some  stock  yard,  at  the  proposed  point  of  shipment  of  said  animals, 
and  cattle,  horses,  or  mules  destined  to  lie  driven  out  of  the  Stale  shall  be  held  at 
aonie  point  within  ten  milee  of  the  State  line  for  insjtection  before  being  driven  from 
the  State,  and  if  the  owner  or  person  in  charge  of  said  animals  shall  cause  any  unrea- 
sonable delay  or  loss  of  time  to  such  inspector  so  notified  to  attend,  such  owner  or 
person  in  charge  of  any  such  cattle,  horses,  or  mules  shall  pay  the  expenses  and 
Kalary  oE  such  brtmd  inspector  during  such  delay  or  loss  of  time,  not  to  exceed  five 
dollars  ({5)  per  day. 

Sec.  20.  Should  any  person,  persons,  firm, 
association,  or  corporation,  or  their  or  either 
of  their  agents  or  emploveee,  ship  any 
animals  other  than  those  described  in  the  certificate  provided  b^  the  bnnd  inspector 
inspecting  such  animals,  as  provided  in  sei'tion  nineteen  of  this  act.  or  shonla  they 
remove  any  of  saiil  animaU  and  substitute  otheis  therefor,  without  the  knowledge  of 
said  inspector,  they  shall  be  guilty  of  a  misdemeanor,  and  upon  conviction  shall  be 
fineil  not  more  than  one  tlicjusan'd  dollars  (f  1,000)  or  imprisonment  not  more  than 
one  year  or  by  txith  such  fine  and  iznprisonment,  as  the  court  may  determine. 

I    _       <__.«■. tia-_t  c     Sbc.  21.  It  shall   be   the  duty   of  the  bnutd 

.nd  r.port  .11  In.pertloni  ,^4  p„vijed,  or  »ho  .h.ll  lio  bIocM  by 
ttie  board  of  stock  inspection  commissioners,  to  inspect  the  brands  and  earmarks  of 
any  cattle,  hoises,  or  mules  to  l>e  transported  by  rail  from  any  point  within  thia  Stat« 
Ui  any  jioint  within  or  without  the  bt«t«,  or  to  be  driven  out  of  the  State,  to  make  a 
repoil  lo  the  secretary  of  the  State  board  of  stock  inspection  commissioners,  which 
he  shall  certify  to  as  correct,  of  the  result  ol  puch  inspei^tion  at  least  once  every 
thirty  days,  or  oftener  if  in  the  opinion  of  the  secretary  of  said  board  of  stock  inspect 
tion  commituiimcrB  it  shall  be  necessary  so  to  do.  It  shall  also  lie  the  duty  of  said 
bran<l  inspector  to  furnish  to  any  ]>erson,  firm,  assodation,  or  corporation,  or  their  or 
either  of  tlieir  ai^nts.  servanta,  or  employees,  havinfi;  cattle,  horses,  or  mules  des- 
tineil  to  be  so  shipped  or  driven,  witli  a  certiH<«le  to  the  effect  that  they  have  duly 
insiiected  the  brands  and  earmarks  of  any  snch  cattle,  horses,  or  mules  enumerated 
ana  designateil  in  tlie  notice  furnished  such  brand  inspector  as  herein  provided  for. 

PphbHt  fnr  Isanlnr  false  rertlflrate  ^^-  ^^'  ^"J"  '"St^ctor  who  shall  knowingly 
renaiij  ror  iBSoing  nise  cenincaie.  ^^^^  ^^^  f^,^  certificate  under  the  pro- 
visions of  thisact  to  the  secretary  of  the  State  board  of  stock  inspection  commissioners, 
shall  upon  con\'iction  thereof  lie  guilty  of  a  misdemeanor  and  l>e  fined  in  a  sum  not 
exceedmgone  thousand  dollars  (¥1,000)  or  imprisonment  not  exceeding  one  year,  or 
l>oth  Mich  fine  and  itn prison nient,  at  the  discretion  of  the  court. 
i»._..it.-  #~-  III..-.I  .ikin...!—  i^K^-  23.  Any  person,  persons,  firm,  association,  or 
Jt  VH»r„l  Kl^L"^?  "^  corpo™tion,'w'ho  shil' violate  any  of  the  provisilma 
or  dHvinff  of  animals.  ^(  {i^j^  ^^  ^^  ^^,^  ^^^,  ^^^■^^  ^^  ^^^  j^^^  ^^ 

carload  of  cattle,  horses,  or  mules  unon  any  railroad  in  this  State,  or  who  shall  drive 
the  same  Iwyond  tlie  bunndaries  of  thisBtate,  without  having  hod  thesame  inspected 
as  required  by  the  provisions  of  this  act,  shall  he  deeme<l  guilty  of  a  misdemeanor. 
and  upon  conviction  thereof  slwil  be  fined  in  a  sum  not  more  than  one  thousand 
"  "        ""      ^'^       '  y  imprisonment  for  a  period  of  not  more  than  o  '    " 

onnient,  hut  nothing  m  this  ai4  shall  l)e  (;onslr 
e  respectint?  the  larceny  of  live  cattle  or  stock. 

Insnectors  shall  hold  ■■ilmals  ^^-  ^'*-  J"  making  any  inspection  of  any  animals 
not  Vl^nSnr  teahlBMM  *"  provided  in  this  act,  prior  to  shipment  by  rail 
not  belon^lnf  to  Bhlppers.  ^^^  ^moval  from  the  State,  if  any  inspector  shall 
fin'l  any  aniriial  or  animals  bearin);  marks  and  brands  other  than  those  of  the  owner 
of  the  other  cattle  in  said  shipment,  and  if  said  owner  or  shipjwr  shall  fail  to  exhibit 
a  bill  of  i^le  c>r  other  authonty  for  the  possession  of  said  animal  or  animals  in  said 
shipment,  the  insjiector  shall  forthwith  dei'lare  them  to  be  estiays,  and  shall  t^e 

yDssession  of  the  same  for  the  State  boanl  of  stock  inspei^tion  commissioners,  and 
i><|)Ose  of  the  same  according  to  the  rules  and  regulations  prescribed  by  said  board. 

B(«rd  to  m«ke  dUpositlon  ^.'^-  ^-  ''''if  ^^*^  board  of  stock  inspection  com mi»- 
«f  ^^tZZi^uVlX  Hioners  are  hereby  authonied  and  empowered  to  make 

oianimaianeio.  ^^^^.^  reasfmable  rule«  and  repilations  regarding  the 

disposition  of  estrays  taken  up  by  inspectors,  as  providcl  in  section  twenty-four  of 


laws:  oontaoiodb  diseases  of  domestic  animals. 


DlBpOHltlon  of  fnndB  SM^  26  All  monevB  coming  into  the  hands  ot  the  Becre- 
receiTea  oy  ooara.  f^^  ^j^^  ^^  ^f  ^^^^  animals  shall  constitute  and  be 
known  as  the  "eetra^"  fund,  and  shall  be  kept  in  an  account  separate  and  distinct 
from  other  accounts,  in  conformity  with  r^ulationa  to  be  prencribed  by  eaid  board. 
All  other  fonds  of  said  board,  including  fees  collected  for  the  inspection  of  cattle, 
shall  constitute  and  be  known  as  the  "brand  inspection"  fund  of  said  board,  which 
shall  be  kept  in  conformity  with  the  r^n>lationB  to  be  preecribed  by  said  board. 

RnlmhnnlitiF  ntrnBPa  nf  auiraw    ^^-  ^-  *°y  person,  persons,  association,  or  cor- 
Kelmftnrslllf  owners  of  estray     p^^ti„„^  establishing  to  the  satisfaction 'of  Ihe 

said  stock  inspection  Doard  the  ownership  to  any  ■ 
eetray  animals  which  have  been  sold  by  said  board,  and  the  amount  realized  from 
such  sale  deposited  in  the  estray  fund,  as  herein  provided,  shall  be  forthwith  paid 
theamountior  which  said  animal  or  animals  were  sold,  less  the  sum  of  one  dollar 
($1)  for  eath  animal,  which  shall  be  retained  by  Iho  said  boani  and  placed  in  the 
brand- inspection  fund. 

tion  commiKioners,  or  any  inspector  acting  under  the  authority  of  said  board,  which 
has  been  in  the  possession  of  said  board  of  stock  inspection  commissioners  for  six 
years  or  lon^r  from  the  date  of  sale  of  such  estray  animal  or  animals,  and  for  which 
o  valid  claim  has  been  made,  shall  be  turned  into  the  brand-inspection  fund  of  said 


board,  anil  all  claims  for  moneys  from  the  eetray  fund  made  by  the  owners  of  cattle 
sold  as  estravs  by  said  board,  aftorthe  paeeafie  of^ this  act,  shall  be  made  within  thre 
years  from  the  date  of  sale  of  the  same,  or  tbe  same  shall  be  forever  barred  and  n 


moneys  shall  be  paid  upon  claims  made  after  three  years  from  the  date  of  such  sale. 
""-  -  '  -ids  eo  transferred  from  the  estrav  fund  may  be  used  by  the  said  board  under 
vouchers  for  the  prosecution  of  persons  cnarged  with  larceny  of  live  stock, 


The  funds  eo  transferred  from  the  estrav  fund  may  be  used  by  the  said  board 
proper  vouchers  for  the  prosecution  of  persons  ,      -..    .  ^  ,■ 

and  for  other  and  general  es pen ses  of  the  txtard, 

nffloo  FRimtatlAnH  aT  hnarii  ^'^^  ^-  '^^^  ^^^  '^'*"'  o'  inspection  commissioners 
omce  resrnUtlons  »r  board,  ^^^jj  ^^^^^  quarters  in  the  capitol  building  of  the 
State  of  Colorado,  which  shall  be  their  general  office,  and  which  shall  be  kept  open 
from  nine  o'clock,  a.  m.,  to  five  o'clock,  p.  m.,  daily,  Sundays  and  legal  holidays 
excepted. 

P.ii.Ur  for  Tlolatlo.  of  thl>  .rt.    ^'i.f  ■  Any  Pe.™",  «™.  "ooiation,  or  cor- 
'  poration,  or  their  or  either  of  their  agents  or 

employees,  who  shall  violate  any  of  tlie  provisions  of  this  act,  shall  be  punished  by 
a  fine  not  exceeding  one  hundred  dollars  (JlOO)  to  be  paid  into  the  schooi  fund  of 
the  county  in  which  the  conviction  is  secured,  or  by  imprisonment  nut  exceeding 
six  months,  or  by  both  such  fine  and  imprison ment,  at  the  discretion  of  the  court. 

ApIh  flnil  napta  nf  arfa  ronaaiaii  ^Ec,  31.  An  act  entiUed  "An  act  to  prevent  and 
Acts  and  parts  of  acts  repealed,  aupprgag  infectious  and  contagious  disUses  among 
the  domestic  animals  of  this  State,  and  lor  the  appointment  of  the  necessary  officers  to 
carry  into  effect  the  same,  and  to  fix  compensation,"  approved  March  23,  1886,  and 
as  amended  April  8,  18t)3,  and  an  act  entitled  "An  act  to  prevent  the  introduction  of 
any  infectious  or  contagious  disease  among  the  cattle  and  horses  of  this  State," 
approved  March  21,  1885,  and  sections  19  and  20  of  an  act  entitled  "An  act  to  amend 
an  act  entitled  'An  act  to  provide  for  the  branding?,  herding,  and  care  of  stock,  and  to 
repeal  certain  acts  in  relation  thereto,'"  afiproved  February  18,  1881,  and  as  amended 
April  2,  1885,  and  an  act  entitled  "An  act  in  relation  to  live  stock  and  to  provide  for 
the  inspection  of  same  before  shipment  or  removal  beyond  the  boundaries  of  this 
State,  and  to  provide  penalties  for  the  violation  of  this  act,  and  to  repeal  all  acts 
inconsistent  therewith,"  approved  April  14,  1899;  all  of  the  same  being  in  conflict 
with  this  act,  and  all  other  acts  and  parts  of  acts  incoDsist«nt  with  the  provisions  of 
this  act  are  hereby  repealed. 


and  after  May  1,  1903. 
Approved  April  6,  1903. 


itizedByGOOgle 
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AN  ACTT  To  ptOTlrte  (or  the  inreatteAtion  of  dlseMea  ■moiu;  domes 

Ftpreaa  of  conla^oub  dlseveii  amon^  mj 

Bt  il  ttutded  by  the  J^yitlaiar 


amonii  domestic  snimalB,  to  prescribe  rules  and  r^wlation§  for  such  inveetigatious, 
and  to  adout  such  luessorea  as  will  prevent  the  epr^d  of  contasioue  diaeaaeB  among 
auch,  Said  board  is  hereby  aiithonu-<l  to  employ  an  af^ent,  to  lie  known  as  "  veter- 
inarian," who  shall  be  a  f^iraduate  of  a  veterinary  cuU^,  and  have  had  at  least  five 
Tears'  experience  in  the  practice  of  veterinary  medicine,  and  who  has  made  original 
inveetieatione  in  veterinary  Btieni'e,  to  require  of  such  veterinaria(i  Euch  duties  as  in 
the  judgment  of  tlie  said  lK>ard  will  promote  tlie  welfare  of  the  domestic  animals  of 
the  State  of  Florida,  and  to  aid  in  the  discrimination  [diaeemination]  ol  knowledge 
of  veterinary  science. 
D.__j  «...  ■«_».  «..— .11-.    f^Bc.  2.  The  said  board  of  trustees  ehaU  have  the 

^  and  to  enforce  the  same  concerning  segregation 

and  qoarantine  of  domei-tic  animals  when  they  have  reason  to  believe  they  aie 
infected  with  any  contagions  disease  or  in  any  danger  of  conveying  it  to  other  ani- 
ntals  as  is  now  by  law  conferred  upon  the  Ktale  health  ofhcere  concerning  persons. 
The  duties  and  powers  of  the  said  board  of  trut^tees  and  said  veterinarian  shall  tie 
regulated  and  controlled  by  the  laws  regulating  the  powers  and  duties  of  the  State 
b»Lrd  of  health  and  State  health  ofhcera,  in  so  far  as  such  rules  and  regulations  may 
be  applicable  to  the  diitieu  lierein  imposed. 

Sbc.  3.  This  act  shall  take  effect  npon  its  approval  by  the  governor. 

Approved  June  3,  1903. 


AK  ACT  To  make  penal  the  impnrtatloti  nf  «.ny  utock  wlih  cnnlsKloiu  rUseua',  ricepUnK  distemper. 
Inside Oie  limlbi ii(  thl»  stale,  Id  iirewrlbe  penaliles  tor  «anie,  wid  for  oiher  pu^po«a^ 
Be  it  eiutrlnl  liij  the  Henenil  Antmlilii  of  lleorgia: 

r nUwfnl  ia  Imnnrt  dliw>a>u>d  atiM^k      Sktion  1 .  That  from  and  after  the  passage 
tnlawmi  to  import  aiMMo*  stock,    ^f  ^^^^  ^^  ^  g^^,,  |^  ^nlivbA  for  anyper- 

eon  to  knowingly  import  within  the  limits  of  this  State  any  stock  with  contagious 
diseases,  except  dititeiniier. 

Penaltr     ^^'  ^*  ^^ ''  further  eivided,  That  any  person  violating  provimons  of  this 
'•    act  shall  be  guilty  of  misdemeanor,  and  Hhall  be  punished  as  now  pre- 


scribed in  the  code  of  (ieorgia  for  offenses  of  like  character. 
Approved  November  5,  1901. 


H«iM<*llnr  flansK      ^^'  ^-  ^''  "  /•"""<"■  <"'"■("',  That  all  laws  and  parts  of  laws  ii 
nepeaiin^  cianse.    ^^^fij^t  herewith  be,  and  the  same  are,  hereby  repealed. 


AN  ACT  To  amend  (lectioM  lA  and  17of  nnootendilcd  "Anarttoiintnire»r(nitBitloiuan<1tnlectioiu 

!..._     .    .._L  —  ._   ■-   iifflcf  of  nlicciilnspcctiir»nddiTiotyS(atei'     -■ 

ic  and  in  III  ihHi        " 


U?  Ihu  offlcf  of  nlicciilnspcctiir»nddiTiotyS(ateiJ»eep1nKpcctoi8,  Iopn>vlde 


ind  provldlDK  tor  the  punlshmenl  ol  the  Mme.  and  for  other  iiur 

itled  "An  act  lo  niptinw  eonuutloiui  nnd  infn'tlomi  iHMhu..!-  uE  hI-..^. 

of  State  iheep  Iniperlor  and  ul  depul)^  vbcep  jnspeetoni,  (o  provide  lor  the  appolnlment  o(  the  amie 
and  fix  their  compeontion;  mnkfnx  (tip  doing  of  cenHliiai^tsn  rrlme,  and  pmvldlnEtorlhepunidi- 
menl  of  the  name,  and  for  other  purponea,"  approveil  February  25, 1W9,  approved  March  7,  IHOI. 

Be  it  enacted  hy  the  LegiiUntnre  of  the  l^iile  of  Idaho; 
I—  «»  lOAi  .«..nd..ii  Section  1.  That  section  16  of  an  act  entitled  "An  act 
i*w  Ol  itwi  amenBea.  ^^  Hi.pp^pg  contagious  and  infectious  diseases  of  sheep, 
to  create  the  office  of  sheep  innpector  anil  deputy  State  sheep  inspectors,  to  provide 
for  the  apiKiintmentof  the  same  and  to  fix  their  compensation:  making  the  iioiiuc  of 
certtun  acts  a  crime,  and  providing  for  the  punishment  of  the  same,  and  for  ouier 

"The  last  publication  of  laws,  containing  those  oi 
law,  l)ecause  the  legislature  of  (jeorgia  docK  nut  mee 
therefore  it  was  not  publislied  in  time. 


laws:  contagious  diseases  of  domestic  animals.      15 

purpoees;"  and  repealing  an  act  entitled  ''An  act  to  supprew  contagious  and  infec- 
tiouediBeABeHof  sheep,  to  create  the  office  of  Folate  xtieep  mRpectorand  of  deputy  sheep 
inepectoro,  to  nrovltle  for  the  appointment  of  the  same  and  fix  thetr  compensa- 
tion; making  tliu  doing  of  certain  acta  a  crime,  and  providing  for  the  punishment  of 
the  same,  and  for  otiier  purpoees,"  approved  February  26,  IHiW,  approved  March  7, 
1901,  be  amended  to  reail  as  follows:  Section 
16.  Any  person,  persons,  company,  corpora- 
tion or  aseoc'iation,  or  any  agent  or  employee 
of  any  person,  persons,  company,  corporation  or  asKociation,  intending  to  bring  or 
cause  Ui  l)e  brought  from  any  other  State  or  Territorv  any  sheep  into  Ihe  State  of 
Itlafao  in  any  manner,  except  Iiy  shipping  the  same  Ihrouzh  the  State  by  railroad 
train,  whether  any  proclamation  shall  have  been  issued  bj;  tnegovemoror  not,  shall, 
before  ciMtwing  the  State  line,  notify  the  deputy  sheep  inspector  of  the  county  or 
(Uetrict  into  which  the  said  sheep  are  intended  to  be  brought  Wbicb  notice  shall 
set  forth  number  of  sheep,  the  brands  thereon  and  name  of  the  owner  or  owners 
thereof  and  the  particular  locality  from  whi<'h  said  sheep  have  come  and  through 
which  they  have  been  driven.  The  deputy  wlieep  inspector,  under  suib  rejfulationB 
aa  have  or  may  be  provided  by  law  and  the  State  sheep  inspector,  shall  thereupon 
make  such  investigation  and  inHpection  as  he  may  deem  neceseary,  and  shall  make 
ivritten  report  of  such  investigaHon  and  insi>eetion  to  the  State  sheep  inspector,  who 
shall  thereupon  make  an  order  in  writing,  signed  by  bim,  which  order  shall  cither 
iiertnit  said  sneep  lo  enter  the  State  of  Idaho  or  shall  proviile  that  the  same  shall  be 
held  nnder  the  control  of  such  deputy  inspector  at  the  Stale  line,  tor  such  period  of 
time  as  the  said  State  she«^  inspector  shall  deem  necessary,  which  period  sball  be 
specified  and  set  forth  in  such  order.  IE  at  the  end  of  the  period  so  specified  in  such 
order  It  shall  appear  that  said  sbeep  are  free  from  disease  and  can  safely  be  brought 
into  the  State,  tue  State  sbeep  insiieclor  ehall  uiake  an  order  in  writing,  signed  by 
him,  permitting  the  said  sbeep  lo  be  brought  into  the  State;  and  thereupon  the  said 
sbeep  shall  become  in  all  respects  subject  to  the  sheep  inspection  and  quarantine  laws 
of  this  Slate.  Any  sheep  in  transit  through  this  State  upon  any  railroad  train  shall 
not  be  unloaded  from  such  train  for  any  purpose,  escept  at  such  points  as  shall  be 
designated  by  the  Stale  sheep  inspector,  and  when  so  unloaded  at  such  points  shall 
be  Keld  in  the  feed  yards  at  ench  point  and  shall  not  be  allowed  to  leave  the  same 
except  to  be  reloaded  upon  said  train  for  transit  through  or  out  of  the  State.  All 
expenses  of  enforcing  the  provisions  of  this  section  sbril  be  paid  by  the  owner  or 
own«r9  of  the  sheep.  Any  person  who  shall  violate  any  of  the  provisions  of  this 
section  shall  be  deemed  guilty  of  a  misdemeanor,  and  upon  conviction  thereof  ehall 
be  punished  by  imprisonment  in  a  county  jail  not  more  than  sixty  days  or  by  a  fine 
of  not  lees  than  five  hundreil  dollars  ((GOO)  nor  more  than  five  thousand  dollars 
($5,000),  which  fine  shall  be  alien  upon  said  sheep  and  may  be  enforced  by  proper 
proceedings  in  any  court  of  competent  juriHdictlon. 

ftaiviironf  Hhonn  ni»allv  hrAmrhi    ®^-  ^-  That  Section  1 7  of  said  act  be  amended 
Seizure  of  sBeep  '1»««»"")'  hronglit    ^  ^ead  ae  follows:  Section  17.  When  sheep 
■nui  oiai*.  ^^   brought  into  this   State   from   another 

State  in  violation  of  any  of  the  provisions  of  this  act,  it  shall  be  the  duty  of  the 
deputy  sheep  inspector  of  the  district  or  county  whereiii  Bai<l  sheep  may  be,  imme- 
dialely  to  seixe  the  same  and  hold  them  in  his  possession,  and  to  file  a  i-omplaint  in 
a  court  of  competent  jurisdiction,  chai^ng  the  owner  or  person  in  charge  of  said 
sheep  with  such  violation,  and,  upon  conviction  of  the  defendant  or  defendants  so 
offendine,  the  said  deputy  shall  (unle<»  all  fines,  coets,  and  charges  ha  immediately 
paid)  sell,  in  the  same  manner  as  sales  of  personal  pro|)erty  on  execution  out  of  Uie 
district  court  are  ma<le,  so  many  of  said  slieep  as  may  t>e  necessary  to  pay  the  costs 
and  charges  of  making  such  sale,  including  tlie  compensation  due  him,  ti^ether  with 
the  fine  imposed  npon  such  conviction,  and  a  certified  copy  of  the  judgment  of  con- 
viction shall  1)e  sufficient  warmnt  for  making  sucfa  sale. 
Appro%-ed  February  17,  1903. 

AN  ACT  To  ftmend  xccUnn  1  of  nn  act  fiiUtlvd  "  An  an  ostRbLlsHlDK  quarantlno  agslnsc  diwsAed 
sheep,  pn»crlbi UK  Ihedutlett  of  Ibe  sovEmorand  State  Khepp  Innirctor  In  rclntlon  thereto,  and 
providing  penHltieii  (or  the  infraction  ol  Its  prnvlBione,"  approved  Maieh  1, 1901,  preacrlbtng  duly 
ol  ownetB  or  petwmB  In  charge  of  prohiblttd  .sheep  and  proicrlbing  pctiallles,  ana  re|>eailiiK  an  act 
enUtled  '  An  act  c*1ab1libtnii  quarantine  itimlnsl  niscased  sbeep,  prGncriblnE  the  dutten  of  nivemor 
in  relation  thereto,  and  provldiiig  penalties  for  Ihe  Infraction  of  lis  provMons."  approved  March 
IS.  1899. 

Be  il  fnacfid  by  the  LegUlalUTe  of  Ihe  Slate  of  Idaho: 
law  of  1901  unended     ^^^'O"  1-  That  section  1  of  an  act  entitled  "An  act  estab- 
■    lisbing  quarantine  against  diseased  sheep,  preecribinp  the 
dnties  of  the  governor  and  State  sheep  inspector  in  relaUon  thereto,  and  providing 
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fi..-.«.«_  ~_-  »_i_i«  n-.-.^ii...  ">  read  as  tollowa:  Section  1.  Whenever 
®  «^l.Tdl£B^VS«a?ti"  »"«  g,.vemor  of  the  Stifle  h«.  re-aon  to 

a^aliBI  aiBewtea  localllles.  believe  that  scab  or  any  other  infectiouH 

disease  has  become  epidemic  in  a  certain  locality  or  localitiea  in  any  other  8tat«  or 
Territory,  or  that  iwnditione  exirt  that  render  sheep  likely  to  convey  dieeaae,  or 
whenever  the  Stale  aheei)  inspector  shall  certify  in  wntine  to  the  governor  that  con- 
ditions exb^t  in  certain  Tocalititx  in  any  other  State  or  Territory  that  render  aheep 
coming  therefrom  likely  to  convey  disease,  the  governor  eball  forthwith,  by  procla- 
matioD,  designate  and  m-hedule  Riich  locality  or  localities  and  prohibit  the  importa- 
tion from  it  or  them  of  any  sheep  into  this  Stale,  except  under  such  reetrictiona  aa 
he  may  deem  proper. 

Any  perwn  or  persons  or  corporation  who,  after  publication  of  such  proclamation, 
has  or  receives  in  charge  any  euch  aheep  from  any  of  the  prohibited  districts  and 
transports,  conveys  or  drives  the  same  to  and  within  the  limits  of  anv  of  tlie  counties 
of  this  State  is  puuishable  by  fine  not  exceeding  five  thousand  dollars  ($5,000)  nor 
less  than  two  hundred  dollars  (f200)  and  is  liable  for  all  damages  that  may  l^e  sns- 
tainetl  by  any  i)eraaii  by  rensozi  of  the  importation  or  transportation  of  eava  nrohib- 
ited  sheep:  J'tirriilfd,  l\mm>T,  That  nolhing  herein  contained  Bhall  prohioit  the 
transportation  of  sheep  froin  such  district  through  llie  Stat«  by  railroad  tnua  under 
guch  restrictions  and  n^ulatiuns  as  may  be  prescribed  by  law  or  by  the  governor 
or  the  81at«  sheep  inspector,  or  either  of  them. 

RDnsalinir  i-iansA  ^™^-  ^-  That  an  ftct  entitled  "An  act  establishing  a  quarantine 
nepeaiinKciauBv.  ^^n^t  diseased  sheep,  prescribing  the  duties  of  governor  in 
relation  thereto,  and  providing  i>enalties  for  the  infraction  of  its  provisions,"  approved 
March  VA,  18fHI,  and  all  other  acts  and  parts  of  acts  in  conflict  herewith,  are  hereby 
repealed. 

Sec.  3.  Whereas  an  emergeiicy  esi^,  this  act  shall  be  in  force  from  and  after  its 
paflsage. 

Approved  February  17,  1B03. 

AN  ACT  To  amonil  Motion  2  of  an  act  cnlillcd  "An  kctlomipprtw  contnKious  nnil  tnCcctloiiH  dlaeaaea 
of  Eihcop;  U>  cn*tD  Ihe  office  of  nhoep  itivpedor,  and  deputy  SLAte  xheep  injipvciore;  to  provide  for 
the  appointment  o(  tlic  wmo  and  to  flx  Ihdr  Mtap*  neat  Ion;  miiliinK  the  dolnicDl  nrtaln  acts  a 
crime,  nnd  pruvidinjp  for  the  punlplimt'nt  of  the«ame,  and  for  other  purpode".  and  repealing  an  o^t 
ontltIM  "An  act  (o  eunprew  contuRtoux  and  InfecIloimillRea.iGiiof  aheep:  to  create  the  oIHceof  Stale 
aheep  Innpeclor  nnd  ol  depuly  sheep  Inspor torn;  to  provide  for  the  appointment  of  the  aameaiid  fli 
their  enmpennllon:  making  the  doloK  of  certain  acta  a  crime  and  providing  for  the  punishment  ol 
the  BBine.  and  for  other  purpOHts,"  appiovcd  Febmary  15, 1S»9,  approved  March  7. 1M)I. 

Be  it  eiiacUd  by  the  LegintaUiTe  oflhe  Slats  of  Idaho: 

Section  1.  That  section  2  of  an  act  entitled  "An  act  to  suppress  contaidouH  and 
infectious  diseases  of  sheep;  to  create  the  office  of  sheep  inspector,  and  dcj>u(y  State 
aheep  inspectorB;  to  provide  for  the  apiwintnient  of  Iheaameand  to  fix  their  compen- 
sation) making  the  doing  of  certain  acta  a  crime  and  proviiling  for  the  punishment  of 
the  same  and  for  other  purposes,  and  repealing  an  act  entitled  ".\n  act  to  suppress 
contagions  and  infectious  diseases  of  sheep;  to  create  the  ofliee  of  State  sheep  inspector 
anddeputy  sheep  inspectors,  to  provide  for  the  appointment  of  the  same  and  fix  their 
compensation;  making  the  doing  of  certain  acttt  a  crime  and  providing  for  the  pnni^- 
ment  of  the  same,  and  for  other  purposes,"  approved  February  25,  18B9,  approved 
Khonn  Inaneetur  hhIbft  Knd  dntlPH  March  7,  1901,  be  and  the  same  Is  hereby 
Sheep  inspector,  salary  and  antles.    ^njg,,^^,^  („  ^j  ^  follows:  Sec  2.  The  said 

sheep  inspector  shall  receive  as  full  comiieni«tion  for  his  services  a  salary  of  twelve 
hundred  dolUrs  ($1,200)  per  annum  and  ten  cents  ( lOc. )  a  mile  for  each  mile  actu- 
ally traveled  in  the  disi'harge  of  his  official  duties:  J'mride^,  The  total  amount  of 
such  mileage  shall  not  except  the  sum  o(  one  thousand  dolla""  Jfl.OOO)  for  any  one 
year,  such  compensation  to  be  paid  as  the  salary  and  feee  of  oti^cr  State  officers  are 
paid;  And  provided  juii her,  Tliat  no  mileage  shall  be  allowed,  to  be  paid  out  of  the 
State  treasury,  to  said  inspector  in  cases  wherein  payment  of  his  expenses  is  other- 
wise provided  for  in  this  u±  It  shall  be  the  duty  of  the  State  sheep  insjiector  to 
have  general  supervision  over  his  deputieaappointedunder  the  provisions  of  thiaact, 
and  to  aid,  counsel,  and  advise  with  such  deputies,  and  generally  to  enforce  the  pro- 
vifflons  of  this  act.  The  said  sheep  inspector  shall  have  the  same  (>ower  within  the 
entire  Stale  as  the  deputies  appointed  by  him  have  in  their  respective  districts,  and 
where  the  services  of  the  State  sheep  inspector  are  demanded  in  a  county  or  district 
other  than  that  in  which  be  resides,  to  settle  difierences  between  sheepmen  and  any 
deputy,  it  ahali  be  the  duty  of  said  Slate  sheep  inspector  to  go  and  adjust  Buch  difier- 
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r  parties  demanding  such  eenicce  ahall  pay  tlie  at^tual 
._..    „  _  , ate  Bheep  inepertor. 

8bc.  3  [2].  Whereas  on  emergency  exiBta,  this  ai^t  shall  1)0  in  forre  from  and  after 
■tspanage. 

Approved  March  6,  1903. 

AN  ACT  To  prevent  the  Imporution,  MllLng,  or  ninnli«Hl  lance  of  domenicuiImaliirBninulBwilh 
■njr  lii(wllouii  or  wmlaglmut  dtseaac. 

Br.  it  maded  by  Die  Leg'ulalare  iif  thr  Stnle  of  I'biho; 

Sbction  1.  It  shall  not  be  lawful  for  the  owner 
of  any  domestic  animal  orBnimals,  or  any  person 
liavinK  them  in  i^haq^e,  knowinicly  to  import  or 

drive  into  the  Slate  any  animal  or  animals  having  any  contagious  or  infettioHs  diaeaae; 

and  any  perwin  so  offending  shall  be  deemed  giiiltv  of  a  misdemeanor,  and  shall  he 

CuniHhed  by  a  flne  in  any  sum  not  ie»<  than  ten  aollars  (f  iO)  nor  more  than  one 
undrert  dollars  (1100)  and  [or]  be  impriBone<l  in   the  county  jail  not  more  than 
three  months,  or  both,  in  the  discretion  of  the  court. 

anlnialB.  domestic  animal  oranimals,  orhavrngthesame 

■ni    MiB.  jii  charge,  who  shall  suffer  any  «ich  domestic 

animal  or  animals  havioK  any  contagious  or  infectious  diseane,  knowing  the  same  to 
be  BO  diseased,  to  run  at  lai^  upon  any  range,  common,  or  highway,  or  shall  let  the 
same  approach  vithin  ten  rods  of  any  highway,  or  shall  sell  or  dispose  of  any 
domestic  animal  or  animals,  knowinK  the  same  to  he  so  diseased,  without  fully  dis- 
closing the  tact  to  the  purchaser,  shall  be  deemed  guilty  of  a  misdemeanor,  and  shall 
be  punished  by  a  fine  in  any  sum  not  exceeding  five  hundred  dollara  ($500)  and 
impriaoned  in  the  county  }ail  not  lees  than  six  months. 

B«»..„  ot  d..«»  b,  cwn ««...  gsi  »T'srir^»';,'*orr:; 

ages  in  a  ciiil  action  against  any  person  or  persons  who  shall  sell,  trade,  or  import, 
or  drive  into  this  State,  such  diseased  animal  or  animals,  or  who  shall  allow  such 
domestic  animal  or  animals  to  run  at  large,  or  to  approach  nearer  than  ten  rods  of 
any  highway. 

Pttwers  of  Jnatlce  of  peace,    t^'  i  ^^  ^"^'*  f  the  peace,  upon  proof  before 
'  !""«..    him  that  any  animal  or  animals  are  going  at  lanr«  or 

driven  in  or  through  his  county  in  violation  of  the  preceding  sections,  shall  order  a 
constable  or  sheriff  to  impound  them,  and  the  owner  thereof  shall  he  held  liable  for 
all  coeta  and  damages;  in  case  owner  is  not  known,  said  justice  of  the  peace  shall 
thereupon  summon  three  disinterested  citizens  who  shall  be  stock  owners  of  the 
neighborhood  to  examine  said  animal  or  animals,  said  examiners,  before  enterii^ 
u^o  the  discharge  of  their  duties,  ahall  be  sworn  to  make  a  true  and  faithful  rejKirt 
without  prejudice  or  favor.  They  shall,  after  making  examination,  return  certified 
copies  of  the  nature  of  the  diseased  animal  or  animals,  together  with  an  accurate 
description  of  each  animal  or  animals,  giving  all  brands,  earmarks,  wattles,  age,  sex, 
and  claaa,  to  the  justice  of  the  peace  bv  whom  they  were  summoned,  who  shall,  after 
entering  the  same  upon  his  records,  nave  [the  same]  published  in  some  newspaper 
in  the  county  for  one  week,  where  said  animal  or  animals  are  impounde<l.  If  the 
owner  does  not  claim  said  animal  or  animals  and  pay  all  costs  and  damages  within 
ten  days  alter  impounding,  sud  justice  of  the  peace  shall  order  constable  or  sheriff 
to  slaughter  such  animal  or  animals  and  destroy  the  carcass  bv  burning  to  ashes. 

When  any  diseased  animal  or  animals  are  impounded  by  tne  constable  or  sheriff, 
the  fees  shall  not  be  more  than  twenty-live  cents  (25c.)  per  head  for  the  first  ten 
head,  and  ten  cents  (lOc.)  per  head  for  all  additional  anipials  impounded,  the  feed- 
ing and  T-itering  of  such  animal  or  animals  shall  be  ordered  by  the  constable  or 
Aerir  iind  shall  not  exceed  fifteen  cents  ( 15c. )  per  day  for  each  animal,  all  chaiifes 
for  impounding,  examining,  feedinjt,  slaughtering,  and  burning  shall  lie  paid  by  the 
county  in  which  eaid  animal  or  animals  were  impounded,  out  of  the  general  coonty 

iddltloD.1  lUblllt;  fop  duiwe>.    S™.  ^niS'r7°,^2!'£r'  TV'  ""  V 
'  ^  Visions  of  this  act,  in  addition  to  the  penalties 

herein  provided,  shall  be  liable  for  all  damages  that  may  accrue  to  the  party  dam- 
aged by  reason  of  said  diseased  animal  or  animals  imparting  disease. 

8bc.  6.  Whereas  an  emergency  exiHta,  this  act  shall  take  effect  and  lje  in  force 
from  and  after  its  passage  and  approval. 
Approved  March  10,  1903. 
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MAssACHrsi-rrrs. 

AN  ACT  Uaktng  an  a|^n>[>riiHlon  for  Ihi-  pompeiuatlou  of  Impectum  lA  uiimali. 

Be  it  iTiaiied,  eir. ,  n*  folloiit: 
*T  ««0  ■nnronrlaind  fnr  iiiHnpflflrtL  ^^w^o^*  I-  A  Biim  not  exceeding  Beven  thou- 
»7.WW  approprlaled  for  InapectorB.  ^^^  dollaref  $7,000)  is  hereby  appropriate. I, 
to  Ik*  paiil  out  uf  the  tKoaury  of  the  Commonwealth,  from  the  ordinHiy  revenae,  (or 
the  (.-ompeneatioi  of  inspectors  of  aninialm,  during  the  year  ending  on  Uie  thitty-firet 
dav  of  December,  nineteen  hundred!  and  two. 

§KC.  2.  This  act  shall  take  effect  upon  its  paasoge. 

Approved  January  31,  1902. 

AN  Atn'  Til  Rbollsli  lh«  board  of  catUo  camijilnkinen  aiMl  to  crt»l«  a  c&ttle  bureau  of  thv  Stale 
board  of  agrlcaltaie. 

StUennded,  etc.,  at/ollovi*: 
Board  of  cattle  com  mission  era    iSscTiiiN  1.  The  board  of  cattle  commissioneiB  is 
abolished.  hereby  al>oli8hed. 

f.Ki-  h—. 1...  ~»..<_j     Sec.  2.  Abureanot  the  Ktateboani  of  agriculture  is  hereby 
(.allle  Dnreail  creaiea.     preatel,  to  be  known  as  the  cattle  bureau  of  the  State 
beard  of  agriculture. 

€hUr.t„..,.b.r....  d.tle.    »- V£  SSrtai'oiretS.e'E'o'i 
'■  agriculture,  who  shall  have  the  powers  and  per- 

form the  duties  heretofore  conferred  and  imposed  upon  the  board  of  cattle  commis- 
sioners: I'nn-iileit,  That  no  orders  or  regulatiime  made  by  hiui  nnder  authority  of 
sections  four  aod  seven  of  chapter  ninety  of  the  Revised  liwB  shall  take  effect  until 
approved  by  the  governor  and  council.  His  appointment  shall  be  confirmed  by  the 
executive  council.  He  shall  make  a  written  report  on  or  before  the  tenth  days  of 
January  and  July  in  each  year  lo  the  State  board  of  agriculture,  and  the  board  shall 
inclnile  an  abstract  of  his  re[>ortB  in  its  annual  report  to  the  general  court.  He  shall 
receive  an  annual  salarv  of  eighteen  hundred  dollflrs  (?1,800)  and  the  amount  of  his 
necessary  expenses,  and  may  appoint  a  clerk  at  a  salary  of  twelve  hundred  dollars 
($1,200)  a  year. 

Hdf  1  ohan  All  Rov  laws  ■mpnilMl  f  »=.  4.  Section  one  of  chapter  eighty-nine  of 
Sef.l.  Chap.  8»,  Kef.  Laws,  amended.  ^^^  Revised  Laws  is  hereby  amended  by 
inserting  after  the  word  "agriculture,"  in  the  third  line,  the  wortis  "the  chief  of 
the  cattle  bureau  of  the  State  board  of  agriculture,"  so  as  to  read  as  follows:  Sec- 
tion 1.  The  governor  an<l  lieutenant  governor,  ex  officiis,  the  secretary  of  the  Com- 
monwealth, the  president  of  the  agricultural  college,  the  secretary  of  the  State  board 
of  agriculture,  the  chief  of  the  cattle  bureau  of  the  Slate  board  of  agriculture,  one 
person  appointed  from  and  by  the  Massachusetts  Society  for  Promoting  Agriculture, 
one  ])er9on  appointed  from  and  by  each  agricultural  aoeiety  which  receives  an  annual 
bounty  from  the  Commonwealth,  and  three  other  persons  appointed  by  the  gov- 
ernor, with  the  advice  and  consent  of  the  council,  shall  constitute  the  State  board  of 
agriculture. 

Sec.  a.  So  much  of  section  three  of  this  act  as  authorizes  the  appointment  of  said 
chief  of -the  cattle  bureau  shall  take  effect  thirty  days  after  the  passage  of  this  ai't, 
and  the  remainder  of  the  act  shall  take  effect  as  soon  as  the  said  chief  has  been 
appointed  and  qualifierl. 

Approveii  February  2-'),  1902. 

AN  A<rr  Matins  an  approprlatiou  for  eipenwa  of  the  board  of  chIUe  commlHSlonem. 

Be  \t  mnHed,  etr.,  aKfoUiiira: 
•ftrtOO  annr«iirlat«dr«reit«riiil.    Skction  1.  The  sum  of  eight  thousand  dollars 
»8,{M»  appropriated  for  Mterml-    ^^  ^j  ;^  j,^^,  ^ated,  to  be  paid 

natln?  animal  diseases.  ^^^  ^j  ^^^^  treasury  of  the   Commonwealth 

from  the  ordinary  revenue,  to  meet  expenses  anthorixed  by  the  board  of  cattle 
comroissioners  in  connection  with  the  extermination  of  contagious  diseases  among 
horses,  cattle,  and  other  animals,  from  January  fi-st  to  April  fifteenth  of  the  present 
year. 

Skc,  2.  Thiu  act  shall  take  effect  upon  its  passage. 

Approved  March  28,  1902. 
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AN  ACT  Making  nn  sppmprlatlon  for  exteimliutlnft  mnUgloiw  dlM?u*»  amonii  hon>e«,  t'&Itlc,  and 

Be  U  enaded,  etc.,  lafoUoHv: 

natinrantmal  dlM>a)u>H  lars    $50,000    IB  hereby  approprutert,  to  be 

natln^  mnlmal  aiseaws.  ^^^  ^^^  ^j  ^^^^  treaaiiry  ot  the  Common- 

wealth from  the  ordinary   revenue,   for  the  externiination  oE  contaKiouB  dieeasee 
amonf;  horsee,  cattle,  and  other  animale,  during  the  year  ending  on  the  thirty-firat 
day  of  December,  nineteen  hundred  and  two. 
Set.  2.  ThiH  act  Hhall  take  effect  upon  ila  paasage. 
Approved  April  11,  1902. 

AN  ACT  Relative  tvthu1nipevU<>nnffertaiiii]omHitJcaalmBlB.aii<lu[<:erUin«n-ai««i. 

Be  il  enncted,  etc.,  atfoUou 


Cu.^   ma  ._j  tuA   -1..H   -jn   D.>«      fiBcnoN  1.  Hertionu  one   hundred   ai 
Sec*.  10»  «d  10*  cka|.  76.  Ri^t.    ^„^  ^„^  j,„„,,^  ^„j  ,^^^  „f  ^^^ 

Laws,  repeaiea.  ^^,^  ^^  j^e  Revised  Laws  are  hereby 


fiBcnoN  1.  Hertionu  one  hundred  and  three 
e  hereby  repealed. 
8bc.  2.  Section  one  hundred  and  five  o£  chapter  seventy-  ■ 
five  of  the  Revised  Iawh  m  hereby  amended  by  Htriking  out 
the  word  "itii,"  in  the  Srat  line,  and  iittiertinK  in  place 
thereof  the  word  "four,"  bo  as  to  read  tm  follown:  Section  106.  The  provigionH  of  the 
four  preceding;  Bections  shall  not  appl^  to  a  person  not  eni^aged  in  such  bueine»<, 
who,  upon  hiH  own  premJHes  and  not  m  a  slaughterhonee,  slaiifthters  hie  own  neat 
cattle,  sheep,  or  awine,  tiut  the  carcaiwi  of  any  euch  aniraale  uhall  be  inspected  by  an 
inspector  at  the  time  of  slaughter,  unlesx  Haid  animal  h  less  than  six  months  old  or 
has  been  duly  inB[)ected,  nnder  the  provisiona  of  chapter  ninety,  v.ithin  six  monlhH 
prior  to  such  Blaughter  and  a  certifiwite  of  health  has  been  delivered  to  the  owner 
or  person  in  charee  thereof. 
See,  3.  This  act  ethall  take  effect  upon  its  passage. 
Approved  April  17,  1902. 

AN  ACT  Making  on  appropilallon  for  the  compcnuatloii  of  Inepectcrs  of  anlmalR, 

Be  it  enncted,  etc.,  ae/olloim: 

»-  iiiui t_j.j  * I... t ,      Sbttios  1.  a  sum  not  exceeding  seven  thon- 
7,000  approprUtod  for  In.p.ctor,.    „d  ,|„,i,„  |,;,ooo)  i.  l»reby  ^.propri.trf. 
to  be  paid  out  of  the  treasury  of  tlie  Commonwealth  from  the  ordinary  revenue,  for 
the  coinpensation  of  inxpectore  of  animals  during  the  year  ending  on  the  thirty-first 
day  of  December,  nineteen  hundred  and  three. 
Sb('.  2.  This  act  shall  take  effect  upon  its  passage. 
Approved  January  31,  IMS. 

AN  ACT  Making  an  apprupiiBtliiii  [or  extenainaling  mnlsglouii  i1<ii«viei<  among  hoisra.  cattle,  and 
other  animal*. 
Be  U  enacted,  etc.,  aiJuUuu*: 

natln;  animal  diaeasea.  t-)l>e  paid  out  o/fhetreasuryoni.e  Com- 

monwealth from  the  onlinary  revenne,  for  the  extermination  of  conti^cious  diseaees 
among  horses,  cattle,  and  other  animals  during  the  year  ending;  on  the  thirty-first 
day  of  December,  nineteen  hundre*!  and  three. 

Sac.  2.  This  act  shall  take  eflect  upon  ita  passage. 

Approved  February  13,  1903. 

AN  ACT  EtelaUve  lothcmarklnsolrertitln  cari'imivH,  and  the  inspecllon  of  cerlalii  domeBtlv  animals. 

Be  il  enacted,  etc. ,  <u  follavg  ; 
fit...  ?-  _r  n...  i._«  .AA^A  *n     Section  1.  Chapter  seventy-five  of  the  Revised 
Chap.  7o,  or  Rev.  Laws,  added  to.    j^„^  .^  ^^^j,^  amende.!  by  inserting  after 
section  one  hundred  and  two  the  following  new  sections:  Section  103.  In  a  slaugh- 
D»i.ti_~  *n  <,i,.»»i_~  ~#  ......o..      tenng  establishment  wherein  inspection  and 

EeUtLs  t»  .timplPK  of  a.rc.s...  ^Ji^,  ,,  „„,„rt(,l  on  anJer  the  rate 
and  regnlations  for  the  inspection  of  live  rtock  and  other  jiroducts,  established  by 
the  United  States  Department  of  Agriculture  in  accordance  with  acts  of  Congreas  in 
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forre  on  Ilie  fifb^'nth  ilay  of  June  in  the  year  nineteen  hundred  and  one,  the  cw- 
caeeefl  of  animalH  Hiaughtared  iin<K-r  tht^  iirovifionn  of  the  laur  preceding  aections  shall 
at  the  tirai'  of  ulaughter,  if  not  condemned.  1)e  xtamtHMl  or  branded  by  the  iaepector 
thereof  in  like  manner  an  Ihowe  inBpe<'te<l  by  the  United  Stalen  Bureau  of  Animal 
Industry  for  int«nitate  trade,  bv  a  stamp  or  brand  dodpied  for  the  purpose  by  the 
cattle  bureau  of  the  State  1)oarcl  of  nf^culture,  which  fhall  be  furninhed  by  it  to  the 
board  of  health  of  a  city  or  town  applying  therefor.  Such  stamps  fihall  !«  uniform 
in  design  throughout  the  Commonwealth,  but  Hhal!  contain  the  name  of  the  citror 
'  ich  they  are  nsed.  Section  IM.  The 
'  animalH  HJau^htered  under  the  pro- 
e  of  the  five  precedinft  sections,  and  not 
stamped  or  branded  as  provided  in  the  preceding  section,  Hhall  lie  deemed  unfit  for 
human  food  and  nhall  not  be  nold  or  offereil  for  Bale.  Whoever  bcUb,  or  offera  for 
eale,  or  has  in  his  posoetiaion  with  intent  to  Bell,  a  cajtaiBs  orany  part  thcrtnit  requiied 
by  the  provisionB  of  the  preceding  Hection  to  l>e  ttlamped  or  branded,  which  has  not 
been  atampe<l  or  branded  ax  therein  provideii,  shall  i)e  pnnished  by  a  fine  of  not 
more  than  one  hundred  dollars  (SlOO)  or  by  imprieonment  Eor  not  more  than  aiily 
dayf,  or  by  both  BW^h  fine  and  imprinonment- 

il»  «   »han  al«   ■otnAf  IflAS     Skc.  2.  Section  one  hundred  and  five  of  BBJd  chsp- 
'         ?;„VJa^  '    t"-  »eventy-five,  ae  amended   hv  section  two  of 

anenaev.  chapter  three  hundred  and  tweke  of  the  acts  of 

..ir  nineteen  hundred  and  two,  in  hereby  further  amended  by  Htrikinfc  out  the 
"four,"  in  the  second  line,  and  inserting  in  place  thereof  the  word  "ax,"  so 
.  o  read  as  follows:  Section  105.  The  provieione  of  the  six  preceding  sectjoua  shall 
not  apply  t<)  a  person  not  engaged  in  such  Iraeiness,  who,  uiKin  his  own  premises  and 
not  in  a  slaughlerhoune,  slanghters  hin  own  neat  cattle,  sheep,  or  nwine,  but  the  car- 
easM  of  any  such  animals  shall  be  inB|iected  by  an  inspe^'toT  at  the  time  of  slanght^r, 
unless  said  animal  is  lesH  than  nix  monthf  old  or  has  hcen  duly  tnsi>ected,  under  the 
proviuions  of  chaph'r  nini^tv,  within  six  nionthf  prior  to  such  slaughter,  and  aeertifi- 
cale  of  health  has  lieen  ilehvereil  to  the  owner  or  person  in  chu;ge  thereof. 
Approved  April  9,  1903. 

To  proTlrta  for  compenrntloK  ownew  ol  nnlDui1i>  kllle<1  In  ei(ennlna[ln|r  the  loot-and- 

mouth  dLteajio. 

.»»_»-ioi»d  fc.-  #»„*  .-J      KRHor.vKii,  That  then-  be  allowed  and  paid 
month  dlMBBf.  ^^^^^  „,^  direction  of  the  ehief  of  the  cattle 

t,  to  the  owners  of  animals  in  this  Comrnon- 
:o  April  eleven,  in  the  current  year,  by  order 
of  the  State  authority,  for  the  purpose  of  ei: terminating  the  disease  known  as  the 
foot-and-mouth  disease,  in  addition  to  the  unoiint  pud  liy  the  United  Slatee,  a  sum 
equal  to  the  difference  between  the  amount  already  paid  an<l  the  value  of  such  cattle, 
as  appraise<l  by  the  agents  of  the  United  Sfaten.  For  this  purjKJBe  there  may  be 
expended  from  the  treasury  of  the  Commonwealth  a  sum  not  exceeding  forty  thou- 
sand dollars  ($40,000). 
Approved  May  26,  1903. 


d  wcllone  four  (4)  anil  twvlvc  [live]  (m  [!>|  of  clmpler  tiro  hundred  uid  thlrlv- 

,  .- -„|,J  i((97,  as  ftmeridedty  (■tift[,ii.T  thret  hundred  »nd  twenty-two  ol 

;nt  the  iipregd  ot  conlagloiig  and  lutecUoOB  dlf»m 

Be  it  enacted  liy  the  J-egidature  of  the  .'tfnff  of  Mmnemln: 
x^—  ^t\aa-!  _.  J  luni  .^^^*^A     SECTION  1.  That  section  four  (4)  ot  chapter  two 
!.«  ot  1887  iiicl  1901  .mended.    ^„„j^,  ^,,  „,i„y.,|,„  (ji,,'  „,  u,e  „nenJ 

laws  ot  1897,  as  amended  by  chapter  three  hundred  and  twenty-two  (322)  of  the  gen- 
eral laws  of  1901,  l>e  and  the  rameiit  hereby  amende<l  BO  as  to  read  as  follows:  Section 
4.   No  animal  shall  be  killed  by  anv  of  the  boards  of  health  herein  mentioned  until  it 

i)„i„eti»  .rd]„.j.d  ..d  „p.«„i  S;|,"!,'";S£.°'S'°SS^^ 

animais.  ^j^j^^^  l,y  ^  ,j^,y  authorized  (went  ot  th? 

State  Ixianl  ot  healtli  or  by  a  comiietent  veterinary  surgeon  selected  by  a  local  health 
oflScer  or  board  of  health;  exci'pt,  that  whenever,  in  the  judgment  of  the  State  board 
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ol  health,  the  control  or  eradication  of  a  diseiiBe  renders  it  advisable  to  do  bo,  snch 
board  may  order  killed  and  buried,  or  otherwise  d^royed,  any  domeBtic  animal 
which  haa  been  exposed  to  a  contagioua  or  infectious  disease,  although  at  the  time 
not  infected  therewith:  Frovuied,  however,  That  cattle  in  this  State  Hfaoll  not  be 
adjudged  infected  with  the  disease  of  tuberculoaie  or  condemned  as  being  so  infected, 
and  that  horsee  in  this  State  shall  not  be  adjudged  infected  with  the  disease  of  glan- 
ders or  condemned  as  being  bo  infected,  except  and  until  such  animal  baa  been 
inspected  by  acompetent  veterinaiian  under  the  authority  of  the  State  board  of  health. 
t —  ntfiauT  ^^A  luAi  ._.._j.^  Sec.  2.  That  section  five  (6)  of  chapter  two  hun- 
L«w  of  18»7  ana  1901  amended.  ^^,  ^j  thirty-three  (233)  of  the  gen^'^  1*™« 
of  1897,  as  amended  bv  chapter  three  hundred  and  twenty-two  (322)  ofthe  )^neraL 
laws  of  1901,  be,  and  tbe  same  is  hereby  amended  so  a:^  to  read  as  follows:  Section  6. 
n^^t-^-.ti^^  ^ri^r^^t^A  ..-■__■<.  ,^.-4  Whenever  a  dometitic  animal  has  been 
Deatrnetlon  ef  infeeted  animals,  post-  adjudged  to  be  infected  with  a  contafpoaa 
n.«rt«m.  annral«,me»t and  ««»«,».  ^i^^us dL^^aTd  has  been  oTred 
killed,  the  owner  or  keeper  of  such  animal 
ity-four  (24)  hours  thereafter  he  may  file  a 

^ . wnicli  is  reeponsible for  such  kilhnt- against 

the  killing  thereof,  and  shall  therein  state  under  oath  that  to  the  best  of  his  telief 
such  animal  is  not  infected  with  any  contagious  or  infectious  disease.  Whereupon, 
fiucb  animal  beins  killed  notwithstanding  such  report  [protest],  a  postmortem  exam- 
ination thereof  sball  be  made  by  experbi,  who  shall  be  present  at  the  killing,  and 
shall  be  appointed  one  by  the  hoard  of  health,  or  its  representative,  which  ordered  ■ 
tbe  killing,  one  by  the  owner  or  keeper,  and  one  by  the  two  already  appointed,  and 
if  upon  such  examination  said  animal  shall  be  found  to  have  been  entirely  free  from 
contagious  or  infectious  disease  they  shall  also  appraise  it  at  its  cash  value  imme- 
diately before  it  was  killed,  and  the  amount  of  such  appraisal  shall  be  paid  to  the 
fjrson  entitled  thereto  out  of  the  funds  of  the  State  or  the  municipality  ordering  the 
iUing.  The  experts  shall  be  paid  ont^halt  by  the  owner  or  keeper  making  the  pro- 
test and  one-hall  by  the  State  or  munici[uility  whose  board  of  health  is  responsible 
for  the  killing.  In  case  the  owner  or  keeper  of  such  animal  shall  fail  to  apjioint,  in 
writinff,  at  the  time  an  expert  as  herein  provided,  an  expert  shall  be  appointed  by 
the  State  board  of  health,  or  ita  representative,  in  lieu  of  the  one  provided  herein  bv 
the  owner  or  keeper.  All  appraisements  and  examinations  made  under  this  act  shall 
be  in  writing,  signed  by  the  appraisers  or  examiners,  certified  to  by  the  board  of 
health  orderinfj  the  examination  or  killing,  and  filed  with  the  treasurer  of  the  State 
or  of  the  municipality  which  is  responsihle  for  the  examination  or  killing.  Upon 
the  filing  of  any  such  examinations  as  appraisal  it  shall  be  the  duty  of  the  board  of 
health  which  is  responsible  for  the  examination  or  killing  to  make  a  certificate  under 
the  hand  of  its  secretary  as  lo  the  number  of  days  served  by  and  the  amount  due  to 
said  experts  orappraisera,  and  to  file  thename  witn  the  treasurer  of  the  State  or  munici- 
pality, as  the  case  may  be,  which  is  responsible  tor  the  examination  or  killing,  and 
upon  such  filing  such  treasurer  shall  pay  to  each  of  said  experts  or  appraiseis  the 
amount  due  him,  and  to  the  person  entitled  thereto  the  amount  due  him  by  the 
terms  hereof;  Providfd,  lioii.'et'er.  That  any  expert  or  appraiser  employed  on  a  salary 
by  the  board  of  health  shall  receive  no  compensation  heretmder.  Whenever  any 
domestic  animal  has  been  adjudged  infected  with  the  disease  of  tuberculosis  or 
glandeis  and  has  been  ordered  killed  by  a  duly  authorised  representative  of  the  State 
board  of  health,  and  is  killed  in  accordance  therewith  after  or  without  protest,  the 
value  of  such  animal  shall  be  determined  by  a  board  of  appraisers,  consisting  of  three 
competent  and  disinterested  men,  one  to  he  appointed  by  the  State  boarti  of  health 
or  its  retoresentative,  one  by  the  owner  or  keeper  of  the  condemned  animal,  within 
twenty-four  (24)  hours  after  the  killing  is  ordered,  and  the  third  by  the  two  already 
appointed,  who  shall  apjiraise  it,  before  it  is  killed,  at  its  cash  value:  I'roi'ided,  That 
in  determining  such  value  the  fact  that  such  animal  was  infected  by  tuberculosis  or 
glanders  shall  not  be  taken  into  consideration:  And  prm-idtd  further.  That  in  no  case 
shall  the  appraised  value  of  a  horse  afflicted  with  glauders  exceed  seventy-five  ($76) 
dollars,  and  in  no  case  shall  the  appraised  value  of  a  cow  afflicted  with  tuberculosis 
exceed  thirty-five  (135)  dollars:  And  provided.  That  payment  shall  not  be  made  for 
any  such  animal  unless  such  animal  is  one  year  old  or  over  and  has  bcMi  kept  in  this 
State  in  goo<l  faith  for  at  least  one  year  next  prior  to  the  killing  thereof,  in  case  tbe 
owner  or  keeper  fails  to  ap;ioint  an  appraiser,  as  herein  provided,  one  shall  be 
appointed  on  his  behalf  by  the  representative  of  the  State  board  of  health.  The 
market  value  of  tbe  carcass  of  the  ttiberculoeiB  animal  shall  be  deducted  from  tbe 
appraised  value  of  the  animal,  and  three-fourths  the  remainder  thereof,  or  three- 
fourths  of  the  appraised  value  of  the  glandereti  horse,  shall  be  paid  by  the  State  in  the 
manner  bereinhefore  set  forth  to  the  iierson  entitled  thereto,  who  sliall  bear  the 
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remaining  one-fourth  of  the  lot«.  Kach  appraifier  ahiill  receive  une  dollar  ($1)  adAT 
(or  tiis  t«rvice»  rui  appmif«r.  Whenever  any  Huch  animal  which  has  been  adindged 
to  be  infected  is  killed  by  order  of  said  l)oard,  but  not  by  the  owner  or  keeper 
thereof,  a  postmortem  examination  thereof  shall  l>e  made  by  experts  appointea  as 
aforesaid,  and  if  found  to  have  been  entirely  free  from  any  infectious  disease  the 
value  of  rnich  animal  shall  lie  determined  and  ptud  for  as  hereinbefore  specified. 
Kxcept  as  in  this  section  exiireM>ly  proviiitnl,  no  compensation  shall  he  paid  for  any 
animal  killed  by  virtue  of  any  authority  civeii  by  thin  act. 

Skc.  'J.  Thix  act  shall  take  effect  and  be  in  fiin-e  from  and  after  its  passage. 

Approved  April  8,  1903. 
AN  ACT  To  eiiublliih  the  sub'  lIvtHlork  Eanilary  boanl  nl  Mliiii^mta  and  to  provide  fQC  the  mppivs- 


Be  il  enactfl  iry  the  I,egMature  of  llie  Stale  of  MitntrtoUi: 
fi  _     _i*i        »  u*  .    II—    Suction  1.  That  a  Ixwird  is  hereby  established  to  be 
*^?rv'.*^»2l^*'h*.^Ji'"    known  as    "The  Stale  live  stock  sanitary  boaid." 

stock  Military  board.       J^^.^  ,^^  ^^^^^^  ^^^i^j  ^f  g^^  ^gj  memSerB  to  be 

apjxiinted  by  the  irovomor  of  the  State  o(  Minnesota.  Kach  member  of  said  board 
shall  be  a  qualified  elector  of  the  State  of  Minnesota.  Three  members  of  said  board 
shall  lie  pereons  who  are  financially  interested  in  the  breetliuK  and  maintenance  of 
live  stock  in  the  State  of  Minnesota,  and  two  menil>er8  of  said  board  shall  be  com- 
'  *e  KTsduates  of  some  regularly  orgaoiaed 
in  the  State  of  Minnesota. 
•  .1  «»...«..  .^j  i..._o  >.r  8bc.  2.  In  making  thefirstappointmentatosudState 
*'''*^!iS!,«^Vi?„itH""'  *  "iv^  «tock  sanila-9  l-oard  the^emor  shall  divide  the 
nienib«r8  of  board.  ap|x>ialee«  into  five  classes:  The  term  of  office  of  each 

of  the  first  appointees  shall  commence  on  the  first  day  of  April,  ISKI3;  one  of  said 
appointees  shall  hold  his  office  for  a  term  of  one  year,  one  for  the  term  of  two  ye«rs, 
one  for  the  term  of  three  yearn,  one  for  the  term  of  four  years,  and  one  for  the  term 
of  five  years;  and  at  the  expiration  of  the  term  of  office  of  each  of  the  first  appointees 
a  successor  shall  be  apimintwl,  who  shall  hold  his  office  for  a  term  of  five  yeare,  so 
that  the  term  of  office  of  one  member  of  said  l>oard  shall  expire  every  year.  In  case 
of  the  death,  resignation,  or  removal  of  any  meml*er  of  said  board  during  his  term 
of  office  the  governor  shall  appoint  a  siieeesgor  to  serve  the  unexpired  portion  of  the 
term  of  office  of  such  member. 

Mpi'tiinn  at  hnnrd      FlAetlnn     ^*^'-  ^-   Immediatelv  after  the  appointment  of  the 
Meetlngaorboard.    Election    first  b.«rd  hereinaiter  provided  for  the  members 
oi  omcent.  thereof  shall  meet  at  the  citv  of  St.  Paul,  and  from 

their  own  numl>erB  shall  elect  a  pretiident  and  a  vice-president.  Thev  shall  also 
elect  from  outside  their  numl>er8  a  secretary,  who  shall  t«  a  jtradoate  of  some  Kf^- 
larly  organized  and  rwiwnized  veterinary  college,  who  shall  be  the  executive  officer 
of  said  board,  and  who  shall  receive  such  compensation  as  said  State  live  stock  sani- 
tary lK>Brd  may  determine.  His  term  of  office  shall  In^  one  year,  and  he  shall  hold 
his  office  until  his  succeswor  is  elected  and  lualilied.  The  said  Ixjard  may  also,  if  it 
deem  expedient,  elect  a  fiel<l  veterinarian,  a  Itacteriologist,  and  an  attorney  tor  said 
board,  wnich  said  officers,  if  ele<;te(l,  shall  altN>  hold  office  for  the  term  of  one  year, 
and  siiall  receive  such  coiupensation  as  may  he  determined  by  said  State  live  stock 
sanitary  board.  The  said  State  live  stock  sanitary  board  shall  also  have  the  power  to 
appoint  or  employ  sii<:h  additional  help  as  it  may  deem  necet«Bry  and  expedient  for 
carrying  into  effect  the  powers  and  duties  conferred  on  said  Itoard  by  this  act. 
Mnmhera  nf  hoard  to  pepolvfl  ^^'-  ^-  ^°  ""ember  of  said  State  live  stock  sanitary 
exwnsf^  fcnt  noiLll^  boar<l  shall  receive  any  compensation  tor  any  ser^- 
expenses,  lint  no  salary.        -^^  ,^^  ^^^  j^^^^^_  ^^^^^^  ^  ^  member  of  said 

board  or  to  said  lioanl,  under  the  provisions  of  this  ai-t,  save  and  except  that  the 
niemhcrsof  said  hoard  shall  rt-ceive  their  actual  exfieiiseH  necesaarily  paid  orincurred 
in  the  discharge  of  their  duties  as  [nembers  of  said  board. 


Place  a 


»  ..^j  A^t^^  ^r  _.«ti_.m    Sk'.  S.  The  said  State  live  stock  sanitary  board 
e  and  dates  of  meetings    ^,,^,i  ,,^|,j  ^^^eriy  meetings  in  the  city  of  St  Paul 
«■  Duaru.  ^^  jiig  Friday  after  the  second  Tuesday  in  January, 

April,  July,  and  ()<^tober  of  ea<-h  year.    The  annual  nieetiiig  of  said  board  for  the 
election  of  officers  shall  be  on  the  Friday  after  the  second  Tuesday  in  April  of  each 

n   41  f,    r  Kni..ii      Sbc.  a.  It  shall  be  the  dutv  of  the  said  State  live  stock  sanitary 

unties  OI   noara.      y,^„i  ,,,  prC'-t  th,.  h^nUf,  iJ  Iho  .<..i>,witi^  unimala  n(  tho  Rtalo- 
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supprefleion,  control,  and  erediration  oF  dangerous,  contat^iius,  Emd  infectious  dis- 
cauea  among  tlie  domeatii;  HJtimalH  of  the  State  of  MiiiiieHota,  and  for  these  [)urpoeee 
it  JH  hereby  aulhorizetl  and  empowered  to  malte  all  euch  nilen  and  reflations  for 
the  i-onduct  of  the  buainetti  of  aiid  State  live  etock  sanitary  board  as  it  may  deem 
exjiedient. 

1 «— 1  K».-j.  >.#  i.n.iik  ■*«  Sbc-.  7.  It  is  hereby  made  the  duty  of  the  eeveral  local 
^™!!!?!.?.i,  £!.Jl  l>»"i.  of  health  it  th«  t.,.n,,  iilli^,  .ml  citta  of 
cooperate  with  bo.rd.  ^^.^  ^^^  ^,  coopemte  will,  iind  «.S  ild  Stole  live 
HtjMrh  BBoitary  board  in  all  matters  and  things  pertaining  to  the  prevention,  siippreo- 
Bion,  control,  and  eradiiation  of  dangerouB,  (i>utagioiis,  or  jnfei'tioiie  diseases  aniong 
the  donieetic  aniniali^  of  the  State  whenever  directed  eo  to  do  hy  Hsid  Stale  live  at^xJi 
sanitary  board  or  the  executive  officer  thereof,  and  in  surh  iiiaoner  as  directed  by 
eaid  State  live  htock  sanitary  board. 

A.th.rit,lr.,.r.r™lfroh,r.™er    ^^ »i^A  ^j' S,  "f o'nT'l.TTf  Si 
board  to  preneht  one.  g^^,  „,  ,„„^„  seeming  the  pieven- 

tinn,  control.  8uppre»iion,  or  eradication  of  conta^ous  or  infectious  dieeaees  among 
any  of  the  domeHtit  animals  ol  this  HIate  ia  hereby  taken  from  said  State  board  of 
health  and  conferred  upon  said  State  live  stock  sanitary  board.  The  proviso  at  tbe 
end  of  section  four  (4)  of  chapter  two  hundred  and  thirty-three  (233)  of  the  laws  (A 
Minnesota  for  tbe  year  16^7  is  hereby  repealed. 
OAHAfal  nnwAra  nf  hnanl  In     ^"^^  ^-  Authority  is  hereby  given  to  the  SUte  live 

«reVe£t^n  of  dl«2*  '^^  «'"'«*'T  *'°»^  ""■'  ^  ""«  «'™~'  ^'^^  boards 

prerentlon  of  Olseam.        ^f  ^^g^^^^  ^f  y,^  ^^^^^  villages,  and  citie«  of  Uiia 

State  to  take  all  steps  they  may  severally  deem  necessary  to  control,  suppresx,  and 

eradicate  auv  and  all  eontafi^ous  and  infectious  diseases  among  any  of  the  domeetic 

animals  in  tfiia  State,  and  to  that  end  said  boanlH  are  hereby  sevetally  empowered, 

within  their  respective  jurisdictions,  to  quarantine  any  domestic  animal  which  ie 

infected  with  any  euch  disease,  or  which  has  been  exposed  to  infection  therefrom,  to 

kill  any  animal  so  infected,  and,  whenever  deemed  necessary  hy  the  State  live  slock 

sanitary  board,  to  kill  any  animal  which  has  been  exposed  to  tbe  infection  of  any 

such  disease,  to  retfulate  or  prohibit  the  arrival  in  or  departure  from  this  State,  of 

the  arrival  in  or  departure  from  any  of  the  towns,  villages  and  cities  thereof,  of  any 

such  exposed  or  infected  animal,  and,  at  the  cost  of  the  owner  thereof^  to  detain  any 

domestic  animal  found  in  violation  of  any  such  regulation  or  prohibition,  to  adopt 

all  BUi'h  rules  and  regulations  as  may  be  by  such  several  boards  deemed  necessary  or 

expetlient  to  enforce  the  authority  hereby  given;  and  eaid  State  live  stock  sanitary 

board  is  hereby  expreesl^  given  authority  to  regulate  or  prohibit  the  ehipment  into 

this  State  of  any  domestic  animal  which  in  the  judgment  of  said  board  may  injure 

the  health  of  live  stock  In  this  State:   Proriihd,  That  neither  said  State  live  stock  san- 

ilarv  board  nor  any  local  board  oF  health  shall,  by  any  rule  or  regulation  thereof, 

prohibit  the  sale,  disposal,  or  removal  of  any  domestic  animal  of  any  person  or  per- 

sons  from  any  place  when  such  animal  baa  no  disease  or  has  not  been  exposed  to  any 

contagious  disease,  and  the  fact  that  animals  are  ii))on  the  same  premises  with  other 

animals  having  a  conta^oiis  tlisease  shall  not  of  itself  necessarily  be  constnied  as 

evidence  of  exposure  to  such  a  contagious  disease  as  is  had  by  said  other  animals. 

■H~4i  «  ~*  »««k_»^k«  t»  i.~    Sbc.  10.  Any  person  who  knows  o(  or  has  reason  to 
Notice  of  ontbreaks  to  be    ^^^^j  ^,,^  existence  of  any  contagious  or  infectious 
seni  ut  Doaru.  disease  in  any  domestic  animal  In  the  State  of  Minne- 

Botashall  forthwith  give  notice  thereof  to  the  local  board  of  health  of  the  town,  village. 
or  city  wherein  such  animal  is  kept  Within  twenty-four  hours  afterany  loaU  bofuxi 
of  health  uhall  receive  notice  or  have  knowledge  that  any  domestic  animal  is  infected 
with  any  such  disease,  or  has  been  exposed  thereto,  it  shall  give  notiix!  thereof  in 
writing  to  the  said  Stale  live  stock  sanitary  board, 

Rni...  _»j  ..,.-..1  oil .,..<,  ^r  ^'''■-  11-  AllrulesandreeulationBadoptedbvsaidState 
hi>t/ ti  Cl^hll,.l./H  'ive  stock  sanitary  board  or  by  anv  lo.il  boa^  of  health 
board  to  be  published.  „^,,^^  ^^^  authority  of  this  ict  shall  l,e  entered  upon 
the  minutes  ot  the  board  so  adopting  such  rules  or  rcKulations,  and  shall  be  pub- 
lished in  a  newspaper  lo  l>e  designat«l  bv  the  l)oard  making  Huch  rule  or  regulation 
and  in  the  manner  by  such  rule  or  regulation  prescribed.  All  regulations  now  in 
force  adopted  by  any  board  of  health  within  this  State  under  authority  of  anj'  law 
existing  prior  to  the  pa»«ge  of  this  act  or  relating  to  the  mailers  covered  hy  this  act 
and  not  in  conflict  with  this  law  are  continued  in  force  and  are  hereby  declared  to 
be  rules  and  regulntionsof  said  State  livestock  sanitary  boar<  I  and  the  several  boards 
of  health  of  the  towns,  villages,  and  cities  under  this  act  until  such  times  as  others 
are  adopted. 
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shall  flnit  have  been  adjud^ied  to  t>e  infected  with  a  cootafirious  or  infections  dbease, 
either  by  a  duly  authorized  a^nt  of  mid  State  hve  Btoek  eanitary  board  or  by  a  veteri- 
nary surgeon  eele<-ted  by  a  local  board  of  health;  except  that  whenever,  in  tliejud^ 
ment  of  eaid  State  Hve  stock  sanitary  board,  the  control  or  eradication  of  the  disease 
renders  it  advisable  to  do  so,  said  State  live  stock  sanitary  board  mav  order  killed 
and  buried  or  otherwise  destroyeil  any  domestic  animal  which  has  Deen  expoeed 
to  a  conta^oUB  or  infectious  disease,  although  at  the  time  not  infe):ted  therewith. 

Awnar  n»  nratiut  •«)■■>  klltin*  ^"^^  ^^-  Whenever  a  domeetic  animal  has 
•JltL^H.J^r!™!!;  wIliK:  l«en  adjudged  to  be  infected  with*  «>b- 
Portmerfew  br  experto.  Appraise-  tagious  or  i&ous  di»eaee,  and  hae  been 
'""■*'■  ordered  killed  by  said  SUte  live  stock  san- 

itary board  or  by  a  local  board  of  health,  the  owner  or  keeper  of  such  animal  shall 
be  notified  thereof,  and  within  twentv-four  houra  thereafter  such  owner  or  keeper 
may  file  a  protest  acainxt  the  killing  thereof  with  the  board  which  has  ordered  such 
animal  killed.  Such  notice  shall  state  under  oatb  that  to  the  beet  of  the  knowledite 
and  l)elief  of  the  penKin  making  such  protest,  such  animal  is  not  infected  with  any 
conta^ciouB  or  infectious  disease,  whereupon,  if  such  animal  is  killed  notwitfaBtanding 
such  proteet,  a  poet  mortem  examination  thereof  nhall  he  made  by  three  experts,  one 
of  said  experts  to  be  appointed  l>y  said  State  live  Rtock  sanitaiy  board,  one  to  be 
appointed  by  the  person  makii^c  such  proteet,  and  the  two  thus  atipoint«d  to  choose 
a  tnird.  If  upon  such  postmortem  examination  such  animal  shall  be  found  to  have 
been  entirely  free  from  conta^ona  or  infectious  diseases,  there  shall  be  appointed 
three  oompefent  and  disintereeled  men,  one  to  be  selected  by  uid  State  live  stock  mni- 
tary  boani,  one  by  the  pereon  making  such  protest,  and  the  third  by  the  two  alreadv 
appointed,  to  appraise  such  animal  at  its  cash  value  immediately  before  it  was  killed, 
and  the  amount  thereof  xbalt  be  paid  to  the  owner  of  said  anmial  out  of  the  funds 


hereby  appropriated  for  the  purjiose  of  carrying  out  this  act.  The  appru«ements 
made  under  ttiin  act  shalt  Iw  m  writing  and  sij^ed  hy  the  appraisers  and  certified  by 
the  local  board  of  health  and  the  Baiu  State  live  stock  aani^ry  Ixiard,  reepectively. 


to  the  auditor  of  the  State,  who  shall  draw  a  warrant  o. 
amount  thereof. 

!>.__._<  «/  ...uii_nBt^».  _.___.^  Sec.  14.  The  expense  of  the  experts  in  mok- 
ParmeBt  of  postmortem  expenses,  j^^  j^^  postmortem  examinatiorherein  pro- 
vided for  shall  be  defrayed  by  said  State  hve  stock  sanitary  board  out  of  the  moneys 
appropriated  for  the  isrrying  into  effect  of  this  act,  in  case  said  experts  upon  exami- 
nation Uml  such  animal  to  have  been  entirely  tree  from  contaeioiis  or  infectious 
diaeaiie.  If,  however,  upon  such  examination,  such  animal  shall  In;  found  to  have 
been  infected  with  a  i-ontatrioue  or  infectious  disease,  then  the  expense  of  the  expert 


iry  l>oard,  and  by  it  certified  to  Uie  8 
i  State  treasurer  lor  the  amoant  there< 


auditor,  who  shtdl  draw  his 

C.r«...u, .,  „p...e  ..  b.  ...d.  rr.i:;i.K^vfdS,,1.atffiinS 
of  the  local  board  of  health  in  the  town,  villa^ce,  or  city  where  such  appraisement 
shall  have  been  had  to  make  a  certitlcate  under  their  hands  of  the  number  of  days 
serveit  by  the  appraisers  in  making  their  appraisement,  and  upon  the  filing  of  such 
certificate,  the  s^d  certificate  shall  l)e  forwarded  to  the  State  live  stock  sanitary 
board,  and  if  by  said  board  found  to  be  correct,  such  fact  shall  be  endorsed  on  Uie 
back  thereof,  and  such  certificate  with  such  endorsement  shall  be  filed  with  the 
liitate  auditor,  and  the  State  treasurer  shall  pay  to  each  of  aaid  appraisers  the  sum  of 
two  dollars  ($2)  per  day  for  his  services  as  such  appraiser  upon  the  warrant  of  the 
State  auditor,  such  payment  to  l>e  made  out  of  the  funds  herein  appropriated. 

Sbc.  16.  Whenever  any  such  animal  which  has 
not  been  adjudged  to  tieinfected  is  killed  by  order 
of  said  l)oard,but  not  by  the  owner  or  keeper 
thereof,  a  postmortem  examination  thereof  shall  be  made  by  experts  appcunted  OB 
afortsaid,  and  if  found  to  have  been  entirely  free  from  any  contagious  or  infeetions 
diMeaee,  the  value  of  such  animal  sliall  be  determined  and  ftaid  fur  as  liereiiibefore 
specified. 


itizedByGOOgle 
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Apporttomnent  of  coot  of  qur.ntlne    ^"^J,"  J^S^T^-^^f*"!.  v.'"!^1^ 

"  J  J , ii .  ji„ _.j  .^i i„      biinal,  or  destnirtion,  of  any  diHeased 

.Ddde.triirtlonorcll«.»ed..lm.lK    „i„J  „^^^l  ^„,^  ^^  ^|,J,,  ^,  „,^ 

boards  aforeBftid  shall  be  borne  by  the  town,  villajrei  or  city  where  such  wiimal  was 
kept  The  expense  of  the  quanntine  of  any  inferUMi  animal,  or  of  any  animal  that 
ha£  been  espoeed  to  infection,  when  taken  from  the  poeeewion  of  its  owner  or 
keeper,  shall  be  Iwme,  one-fifth  by  the  town,  village,  or  city  where  the  onhnat  waa 
kept,  and  four-fifths  by  the  State.  When  any  animal  ia  quarantined  upon  the  prem- 
ises of  its  owner  or  keeper,  the  expense  thereof  shall  ue  borne  by  such  owner  or 
keeper.  Whenever  any  animal  is  quarantined  when  being  Bhijjixti  into  the  State, 
the  expenses  thereof  shall  be  Ixirne  by  its  owner  or  keeper.  Whenever  the  owner 
or  keeper  of  any  domestic  animal  is  liable  for  any  expenses  incurred  under  this  act 
by  the  State  live  stock  sanitary  board  or  by  any  board  of  health  in  connection  there- 
with, such  board  may  have  a  lien  on  such  animal  for  euch  expense,  aod  may  also 
maintain  an  action  against  such  owner  or  keeper  therefor. 

Sec.  1H.  It  is  hereby  made  the  duty  of  the  several 
local  boards  of  health  in  this  State  to  carry  out  and 
enforce  al)  orders  and  directioDB  of  theState  live  stock 
sanitary  board  to  them  directed,  and  the  State  live  stock  sanitary  boani  may  require 
any  two  or  more  local  boards  to  act  together  for  the  purpose  of  enforcing  any  of  the 
pro  visions  of  this  act. 

Bar,  19.  Wheneverthe  ruleeand  regulations 
of  the  State  live  stock  sanitary  board  ma<le 
under  autliority  of  this  act  conflict  with  the 
rules  and  re^tulations  made  hereunder  by  any  local  board  of  health,  those  made  by 
the  State  live  stock  Banitary  board  shall  supersede  those  made  by  the  local  board. 

RnaiJ  i>.>  Bi^.minB  wUn<w>u»  ^Bc.  20,  The  State  live  stock  sanitary  board,  or 
BotrdnayeumlBe  witneSMH  member  or  duly  authorized   agent  thereof, 

under  oatb.  ^/^  examineor  causJ,  to  be  examined,  under  oath! 

all  persons  believed  to  possess  knowledge  of  material  fact«  concerning  the  existence 
or  dissemination,  or  danger  of  dissemination,  of  disease  among  domestic  animals; 
aod  for  this  purpose  shall  liave  all  the  powers  vested  in  justices  of  the  peace  to  take 
depositions  and  to  compel  witneses  to  attend  and  testify. 

p...it.«r.„i.i.un,tti.»t  sStoVirsjoTSssit-hi 

State  live  stock  sanitary  board,  or  by  any  local  bc«rd  of  health,  or  any  or<ler  made 
by  any  such  board  un<ler  the  authority  hereof,  shall  be  euiltyof  a  misdemeanor,  and 
be  punished  by  a  Ane  of  not  lees  than  twenty-five  dolbrs  (f25)  or  more  than  one 
hundred  dollars  ($100),  or  by  imprisonment  for  not  less  than  thirtv  (30)  days  or  more 
than  ninety  (00)  days.  Any  meml)er  of  any  local  board  of  healtn  who  shall  neglect 
or  refuse  to  carry  into  effe<'t  the  provisions  of  this  act,  or  who  shall  neglect  or  refuse 
to  carry  out  any  directions  of  Uie  Stale  live  stock  sanitary  lioard,  or  who  shall  neglect 
or  refuse  to  enforce  any  rule  or  regulation  made  by  the  Stale  live  stock  sanitary  board, 
or  by  any  local  board  of  health  under  the  authority  hereof,  shall  be  jniilty  of  a  mis- 
demeanor and  be  punisheii  by  a  fine  of  not  less  than  twenty-five  dollars  (f^.'i)  and 
not  more  thau  one  Hundred  dollars  ($100),  and  each  and  every  day's  neglect  or  refusal 
to  perform  any  duty  imposed  upon  him  by  this  act  shall  constitute  a  separate  and 
independent  misdemeanor.  Complaints  for  violating  the  provisions  of  this  act,  or 
tor  violating  any  rule  or  r«!ulation  made  by  the  State  live  stock  sanitary  board,  or 
by  any  board  of  health  under  its  authority,  or  by  the  said  State  live  stock  sanitary 
board,  may  be  made  by  any  member  or  authorized  agent  of  any  such  board,  or  by 
any  citizen  of  this  State,  or  by  any  person  directly  Interested. 

Sec.  22.  Whenever,  during  the  jirevalence  in  tl)is 
State  of  any  contagious  or  infectious  disease 
among  domestic  animals,  the  owner  shall  post 
on  his  premises  a  notice  forbidding  all  persons  not  authorizt^l  by  said  State  live-stock 
unitary  l)oard  or  local  boards  of  healln  to  enter  any  building  or  enclosure  on  said 
premises  without  permisnion  from  said  owner,  it  shall  be  a  misdemeanor  to  enter 
upon  said  premises,  punishable  by  a  fine  of  not  less  than  twenty-flve  dollars  ($2i'i), 
nor  more  than  one  nundred  dollars  ($100),  or  by  imprisonment  for  not  less  than 
thirty  (30)  nor  more  than  ninety  (90)  days. 

Unani  *»  _.t„  .-.„.i  ».„.._>    S»-.  23.  The  said  Stale  li  vest  I  >ck  ran  ilary  board  shall 
Bo«rt  to  Make  H.iial  report  .^^^^  ^  ^„„j,^l  ^^^  ,„  ^^^^  governor  of  Minne- 
HI  governor.  ^^^^  ^(  ^1,  |^  proceedings  and  transactions  for  the 

preceding  year,  which  said  report  shall  be  pubhshed  by  the  State  of  Minnesota. 
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M.I.-  —*      41.*-^     Set.  24.  The  State  board  of  health   is  hereby 

Bookm  P»P«%^tf"  *•»•''  ^"""^    dLi^te-l  to  turn  over  and  deliver  to  said  Plate 
OTer  »  noara.  n^.^,  aUick  Banitary  Ixiard,  immediately  upon  Ihe 

appointment  of  said  boanl,  all  Itooke,  papers,  documents,  and  files  of  said  State  board 
01  health  pertainlns  or  re!atiii)t  tii  (vintagiuus  or  infectious  diseases  of  domestic 
animalH,  either  in  !lilinnesota  or  elsewhere. 


•n-.^.r...  ~»  ....»-.«-i.tt«_     f*w-''  ^'  The  anntial  appropriation  made  for  the  iipe 

tion  twelve  (12)  of  ehapter  two  hundreil  and  thirty-three  (233)  of  the  laws  of  Minne- 
sota for  the  year  1H1)7  as  amended  bv  neetion  two  (2)  of  I'hapter  three  hnndreil 
and  twenty-two  (:i22)  of  the  laws  uf  Slinne^ota  for  the  year  liwl,  is  hereby  tian^ 
ferred  from  said  State  l)oanl  of  health  and  uranteil  an<l  appropriated  to  said  State 
live  stock  sanitary  l>oanl  for  thecarryin);  into  effect  thepurpoeeaof  thixact;  and  any 
money  which  at  the  time  of  the  patwage  of  this  act  reniains  unexpende*!  out  of  fmd 
annual  appropriation  for  fiscnl  year  ending  July  31)^,  1903,  is  hereby  transferred 
from  aaiu  State  board  uf  health  and  f;ranted  and  a'ppropriat«d  tu  said  State  live  slock 
sanitary  board. 

D—^.ii—  .■._..  8bc,  26.  All  acts  and  partsiif  acts  inconsistent  with  this  act  are 
E«pealinr  elanse.    ^^^^^^.  ^^,^) 

Sec.  27.  This  act  shall  late  effect  and  l>e  in  force  from  and  after  its  passage. 
Appwved  April  22,  ISO). 

NKVADA. 

AN  ACT  To  prevent  thr  HpKad  of  rotiUsious  c1i».-iiAeii  unoog  live  *tonk  oF  the  SIMe  ot  Kertda.  uid 
In  qiuir&niiiie  uminst  other  Riuloi  i»  Infcctnl  itlnlrli^. 

Tlie  I'fipte  of  the  fHate  of  Nenidn,  TqyTenaitKl  in  SeiuUe  and  Ammnbiy,  do  enact  at 
foUoul: 

D_.i._.*i__   «/  -«.—<■__    Skctios  1.  Whenever,  upon  the  application  of  ten 
ProclamatlM  Of  qnar«iitiiie    ^^  ,„„^  ^iti>*ns  of  this  State  to  the  governor,  ask- 
'  B*''*"'*r-  i„g  for  J,  nrciclamatiim  of  quarantine  a^nst  any 

State  or  States,  district  or  districts,  infected  riy  contagious  diseases  prevtuhng  among 
live  stock  of  said  States  or  districts,  the  governor  may  issue  a  proclamation  giving 
notice  to  such  State  or  dii'trict,  by  mailing  to  the  governor  of  said  State  or  States, 
district  or  districts,  where  such  disease  exists  a  copy  of  said  proclamation,  in  which 
it  shall  be  stated  that  all  diseaseil  or  infected,  and  all  st4)(:k  hanng  been  expoeed  to 
any  infections  or  contagious  diHeasc  or  diweasea,  are  pmhibited  from  entering  within 
tlie  borders  of  this  State  during  the  time  of  tfuarantine:  Provided,  That  said  pro- 
bibition  shall  not  apply  to  any  floi'k  being  trans|>orled  through  and  beyond  the 
limits  of  this  State  by  any  railnMul  conipany  by  permit  or  suthoritv  granted  by  any 

g;ent  or  inHpector  acting  under  the  instruction  and  anthority  of  the  United  States 
ovemment 
n. ..-».-  _.-  .»»i~.  —t^.i—Bi—      Sbc.  2.    The   governor  shall   at  all  times 
eoTcrnor  may  employ  veterinarian.    ^^^_^  j,,^  ^^^^^  ^^  ^    .^^  ^  veterinoiy 

suifieon  to  investigate  epidemic  and  contagious  dixeascH  aSectii^  live  stock  in  this 

Bute. 

D.^.ii-  /«_  i_-«..<i»»  8bc,  3.  Anv  person  who  in  violation  of  the  quamntine 
SV^Jrf  llirSt^L  '^  regulations  ex,,rem.i  in  section  I  of  this  act  by  brii>ginK 
■iseasea  live  tnocm.       (^^  ^^^^  ^^^^,^  j ^^^  ^^j^  g^^^^  ^^^  y^^  yj^,^  ^^  district  so 

quarantined,  shall  be  guilty  of  a  misdemeanor  and  shall,  upon  conviction  thereof, 
be  pnnishedbyafineof  not  less  than  one  himdred  dollars  ($100)  and  not  more  than 
two  thousand  dollars  (i>2,000),  together  with  all  the  cofle  of  treatment  and  dis- 
infection, and  the  slock  so  treated  and  difinfected  shall  Ik'  held  by  the  veterinary 
snrseon  a])pointe(i  by  the  governor  for  the  full  cost  ot  treatment  and  fiae  ioipoeed, 
ana  shall  not  be  released  until  both  fine  and  costs  are  |«id. 
Approved  March  13,  1903. 

NKW  MKXICO. 

AN  ACT  RelallTi-  U>  tlip  diiticH  of  Ihp  catlle  mnltary  board. 

Be  it  eiinrle<t  hy  the,  I^ijitlatire  AimmUy  ••/  thr  Territin-ii  uf  Kew  Mej-ico: 

a..*!.,    laq  ,.r«._-ii....i  ■__«~r  lua?     Seition  1.  That  section  197  of  the  Com- 

*T«il*?J  ™*^?5f  til^n-VLw^Jf    Pi'«"  I-»*8 of *he Territ.>rvof  New  Me3tl<o 

SS?  !™«i-V       "    ^    *  iortheyearl«.-be.andthesameisher«by, 

""*'*•  »'■«'>•««■  amende.!  by  striking  therefrom  the  word- 

"other  than"  contained  in  the  second  line  of  said  sec^onand  oy  inserting  the  word 
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"including"  in  pla(«  thereof ;  and  by  striking  therefrom  the  word  "  except"  at  the 
end  of  thetwelftn  tine  of  said  Bection  and  by  inserting  the  word  "including  in  place 
thereof. 

The  original  law  was  approved  Man'h  19,  1H84,  and  the  section  in  ita  entirety,  as 
amended,  ie  aa  foUowe:  . 

Skc.  197.  Inallcaeesof  contapiousandinfectiouadiaeaeecovered  by  thiaact,  includ- 
iafc  Texas  or  splenic  fever,  existing  or  becoming  epidemic  on  premises  previously 
quarantined,  as  provided  by  this  act,  Mid  board  ie  authorized  and  empowered  to 
cause  the  alaughi^r  of  cattle'  upon  euch  premises  which  are  known  to  he  so  diseased 
or  have  been  exposed  to  such  disease,  when  soiil  veterinarian  shall  decide  ttiat  the 
eaiiie  is  Decet«arv  for  the  sanitary  urotection  of  other  cattle  and  shall  so  advise  such 
board,  and  said  board  shall  be  of  trie  same  opinion  and  shall  order  such  slaughter  to 
be  done:  Provided,  however.  That  no  such  cattle  shall  be  slaughtered  that  have  no 
disease  nor  have  been  exposed  to  any  disease,  including  Texas  or  splenic  fever.  Such 
slaughter  of  cattle  shall  he  done  under  the  superintendence  of  said  veterinarian  or 
board,  who,  prior  thereto,  shall  notify  the  nearest  justice  of  the  peace  and  deliver  to 
hitn  the  order  therefor;  such  justice  shall  thereupon  select  and  summon  before  him 
three  cattlemen  of  the  neighborhood,  who  shall  nave  no  interest  in  the  cattle  to  be 
elaughtered,  to  act  as  appraisere  ol  the  value  of  such  cattle,  and  administer  to  each  of 
them  an  oath  to  make  a  true,  faithful,  and  impartial  appraisement  of  the  value  of 
the  cattle  to  bo  slaughtered  without  prejudice  against  or  favor  to  anyone.  There- 
upon (aid  appraixers  shall  inspect  such  cattle  and  make  such  appraisement  thereof. 
They  shall  also  return  to  eat^h  justice  certificates  of  their  valuation  of  eucfa  animal  so 
appraised,  containing  an  accurate  description  thereof,  with  brands,  ear  marks,  wat- 
tles, age,  sex,  color,  and  class  as  near  as  may  be.  One  of  such  certificates  to  be  filed 
with  tne  jusUce,  one  to  be  delivered  to  the  owner  of  the  cattle  to  t>e  slaughtered,  and 
one  to  be  transmitted  to  the  said  tx>ard  br  said  justice.  The  fees  of  justices  of  the 
peace  for  services  herein  provided  shall  be  the  same  as  for  similar  services  aa  fixed 
by  law,  and  said  appraisers  and  all  necessary  employees  for  the  slaughter  of  animals 
and  destruction  of  their  carcasses,  as  provided  by  this  act,  shall  receive  three  dollars 
($3)  per  day  and  their  necessary  expenses  while  engaged  therein,  all  of  which  shall 
he  paid  liy  said  board  upon  their  order.  Such  veterinary  suigeon  shall  also  super- 
intend the  destructipu  of  the  carcasses  of  each  animal  and  each  part  thereof,  which 
shall  be  by  burning  the  same  to  ashes. 

X  ».._  j»__t  *«  ..^ii«_  »iitt  ^r    Sbc.  2.  That  section  200  of  the  Compiled  Laws  of 
r™^n«d  i^^Jr  1  ll»  ^he  Territory  of  New  Mexico  for  the  year  1897  be, 

l^onpiiea  Laws  01  isw7.        and  thesameishereby,amendedbv  striking  there- 
from the  word  "not"  at  the  end  of  fiint  line  of  said  section,  and  by  inserting  the  ., 
word  "including"  in  place  thereof ;  and  by  insertinff  the  words  "orshall  be  likely  to 
exist  or  shall  be  threatened"  after  the  word  "exist    in  the  third  line  of  said  section. 
Se<:tion  200  in  its  entirety,  as  amended,  is  as  follows: 

Sw.  200,  In  case  of  eiridemic  or  contagious  disease  (including  Texas  or  splenic 
fever)  may  become  known  to  the  board  to  exist,  or  shall  be  likely  to  exist,  or  shall 
be  threatened,  within  the  Territory,  and  the  board  may  deem  it  ne<*ssary  to  use 
more  money  than  the  present  assessment  (one-half  of  one  mill  on  each  dollar)  may 
yield,  then  they  may  summon  the  governor,  treasurer,  and  auditor  of  the  Territory 
to  meet  as  a  Territorial  cattle  sanitary  tx>ard,  at  the  governor's,  treasurer's,  or  audit- 
or's office,  in  the  city  of  Santa  Fe,  and  if  this  board  upon  meeting  shall  determine  it 
to  be  to  the  beet  inlereetg  of  the  cattlemen  of  the  Territory  lo  do  so,  they  may  order 
a  levy  not  to  exceed  one-fbnrth  of  one  per  cent  of  the  assessable  value  of  cattle  within 
the  Terrilory,  or  they  may  it«ue  bonds  in  the  denomination  of  one  hundred  dollars 
($100),  bearmg  interest  not  to  exceed  eight  per  cent,  payable  annually;  interest  and 
bonds  are  payable  at  the  First  N'ational  Bank  of  Santa  Pe,  N.  M.  Said  bonds  shall 
run  from  five  to  eight  years  and  are  payable  at  any  time  after  five  years.  The  bonds 
will  be  signed  by  the  president  of  the  cattle  sanitary  board  and  bv  the  treasurer  of 
the  Territory,  and  bv  the  latter  registered  in  a  book  to  be  provided  by  the  cattle 
sanitary  botud,  whicn  book  shall  w  continued  in  the  possession  of  the  treasurer  of 
the  Territory  and  his  BUCceeM>rB.  The  governor  of  the  Territory  will  preside  at  all 
meetings  of  the  Territorial  cattle  sanitary  board,  and  a  record  oi  each  meeting  will 
be  made  by  the  treasurer  of  the  Territory  and  also  by  the  secretary  of  the  cattle 
sanitary  board.  The  l>onds  shall  l>e  sold  at  the  highest  obtainable  price.  Whenever 
the  Territorial  cattle  sanitary  board  may  think  best,  tliey  may  onler  a  levy  not  to 
exceed  one-eighth  of  one  per  cent  of  the  assessed  value  of  cattle  within  the  Territory, 
and  continue  said  levy  yearly  until  a  sufficient  sum  is  realized  to  pay  said  Ixinds  with 
the  yeady  accruing  interest.  Said  levy  shall  winslitute  a  sinking  fimd  for  the  pay- 
ment of  said  bonds  and  for  no  other  purpose.  Said  sinking  fund  shall  he  deposited 
with  the  Territorial  treasurer,  who  shall  give  a  good  and  suScient  bond,  to  be 
approved  by  the  governor,  for  a  sum  e<|UBl  to  the  bonds  and  interest    The  leviea 
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ditferent  c-ountien  at  Ihe  expetuv  of  mich  i-ounties  la&binc  Bucti  levies.  Th«  Territo- 
rial treaxurcr  ehall  pay  said  lH>n<)s  in  their  nainerinil  on&r.  Notir^of  payment  will 
be  posted  in  the  Kimt  National  Bank  of  ganla  Fe,  N.  M.,  sixty  daya  before  payinenL 
The  bonds  whon  paid  shall  be  deHlroyed  by  the  treaeurer  and  auditor  of  Ute  Terri- 
tory and  a  record  of  the  mme  [kept?]  by  tlie  treaaurer.  It  ehall  be  thednty  of  the 
tn>verDor  to  demand  of  and  cause  to  be  executed  a  bond  by  each  of  the  members  of 
the  cattle  sanitary  board  to  the  Territory  of  New  Mexico  with  two  or  more  suffi- 
cient tttvuritittt,  and  in  such  sum  as  will  rover  the  amount  which  may  be  raised  and 
collected  liy  the  aforeaaiil  levies,  cimditioned  for  the  faitliful  diebureement  of  eaid 
moneys.  In  the  event  that  either  of  said  members  do  not  execute  said  bouds  within 
twenty  days,  his  or  their  office  will  be  vacant,  and  the  jiovemor  will  at  once  fill  such 
vacancy  and  tequire  the  two  bonds  provided  for  in  this  act. 
Approved  Febniary  12,  1903, 

AH  ACT  To  amend  Ihe  Itwi  relaUve  to  the  abeep  ntnltair  boaid. 
lif  il  etuwiM  bi/  thr  I^giiiatire  Atunahly  oftht  Terrilory  of  ,\>ip  Mexico: 

UWBOI  is»<.  aQdt>ieBanieiaheieby,amendedbyetrik- 

ing  out  the  word  "thre<'"  in  the  first  line  thereof  and  inserting  in  lieu  thereof  the 
woni  "five;"  and  by  inserting  the  words  "and  two  at  large"  after  the  word  "dis- 
tricts" in  the  tenth  line. 
The  above-mentioned  section  160  in  ita  entirely,  as  amended,  is  as  followa: 
fiBt-.  160.  A  sheep  sanitary  boanl,  consisting  of  five  (5)  practical  sheep  raisers  and 
owners  ie  hereby  created  for  the  Territory  oi  New  Mexico,  which  Terrilory,  for  the 

fiirjxise  of  this  act,  is  hereby  divided  into  three  sheep  sanitary  districts,  as  followu: 
irst  illstrict,  Lincoln,  Chaves,  Ed<ly,  Grant,  Dona  Ana,  t^ierra,  and  Socorro;  second 
district,  Valencia,  Bernalillo,  San  Juan,  Kiu  Arrilu,  Taos,  and  Santa  Fe;  third  dis- 
trii't,  San  Mit^iel,  (.iua<<alupe,  Mora,  Colfax,  and  Union,  The  (governor  shall  nomi- 
nate members  of  said  board,  one  from  each  of  the  several  districts  and  two  at  large, 
and  appoint  them  by  and  with  the  advice  and  consent  of  the  legislative  council,  who 
Hhall  Merve  for  the  period  of  two  yean)  from  the  apuros'al  of  this  act  and  until  their 
BucceHHors  are  appointed  and  qualified  as  liereinafter  provided;  and  in  case  of  any 
vacancy  in  said  l>oard  from  any  cause,  the  governor  shall  fill  such  vacancy  by  appoint- 
ment, and  such  aj>pointce  shall  hold  [office]  onlv  during  Ihe  unexpirea  term  for 
which  he  watt  appointed;  Pruviilftt,  TImteai'h  meiiilierof  such  board  must  be  a  prac- 
tical sheep  man  anil  owner  of  sheep  and  a  l)ona  fide  resident  within  the  district  from 
which  he  is  ap)H)inU.-d,  and  his  ]>er[nanent  removal  therefrom  to  another  district 
shall  tauise  a  vacancy  in  ewh  1>uard. 

ltliiB|i«*.dbj«OT»r.m«nt  „^,i^,    ,„„„i  March  10,  J880,  .hi* 

appears  as  chapter  thirtv-three  of  the  printed  acts  of  the  legislative  assembly  at  its 
thirty-third  sessiim,  are  hereby  eo  amended  and  modilieil  as  not  to  require  any  inspec- 
tion of  sheep  coniing  into,  or  going  out  of,  theTerrilory,  as  to  their  sanitary  condition, 
when  atich  Hhi>ep  tiave  been  inaiiM'ted  by  an  inspector  or  an  assistant  inspector  of  the 
Bureau  of  Animal  Industry  of  the  Departinent  of  Agriculture,  in  accoidance  with  the 
act  of  Congress  entitled  "An  a<tt  to  enable  the  ^retary  of  Agriculture  to  more 
effectually  HupnreKS  and  prevent  the  spread  of  contagious  and  infectious  diseases  of 
live  stock,  and  for  other  purjioses,"  approved  February  ;lnl  [2nd],  1903,  and  in 
accordance  with  the  rules  and  regulations  established,  or  which  may  be  established 
from  time  to  time,  by  the  Secretary  of  AKritnilture  uitder  the  authority  conferred  on 
bim  l»y  Bai<l  act,  and  when  such  inspector  or  astrislant  ini'i>ector  has  issued  A  certifi- 
cate showing  that  he  has  int<|>ecte<l  such  sheep  in  accordance  with  said  act  and  said 
rules  and  regulations  and  has  found  them  free  from  any  infectious,  contagions,  or 
communicable  disease;  but  the  said  act  of  the  legislative  assembly  of  New  Mexico 
shall  remain  in  full  force  as  to  all  other  sheep  coming  into,  or  going  out  of,  the  Ter- 
ritory of  New  Mexico. 

See.  3.  It  ia  hereby  maile  the  duty  of  the 
sheep  inspectora  carefully  to  examine  all 
sheep  coming  into  the  Territory  of  New 
Mexico  from  any  other  country.  State,  or  Territory,  for  the  purpose  of  ascertaining 
and  making  a  record  of  all  brands  and  marks  on  said  sheep  and  of  the  name  or  names 
of  Ihe  person  or  lemons  shipping  or  bringing  said  sheep  mto  the  Territory,  and  of 
the  {>ersons  to  whom  within  the  Territory  tlie  said  sheep  are  shipped  or  consigned. 
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and  reports  of  such  facta  shall  immediately  be  made  by  iospeotora  to  tlie  secretary  of 
the  sheep  military  board,  and  the  owner  or  penton  in  clmiyc  of  such  sheep  shall  pay 
to  the  inspector  a  fee  of  three  cents  (3c. )  per  head  for  the  making  of  auch  examina- 
tion, record  and  report:  Prorided,  hmi-evtr.  That  in  the  caxee  of  sheep  whicJi  have 
not  been  inHpecled  bv  an  inspector  or  aaeistant  inapect<:ir  of  the  Bureau  of  Animal 
Industry,  asBpeeifiea  in  the  second  section  of  this  act,  the  fee  of  five  cents  (5c.)  per 
head  prescribed  in  section  five  of  the  act  of  the  legislative  assembly  of  New  Mexico 
of  March  10,  1899,  referred  to  in  said  second  section  of  thix  act,  i»hall  be  considered 
as  iQcludine  the  fee  o(  three  cents  (3c.)  per  head  fixed  and  prescribed  by  this  sec- 
tion for  making  the  examination,  record,  and  report  aforesaid. 

BpeetloB.  eerHfleal«9,  and  fees.  ^^^^  ^^^^  ^  ^  shipped  or  driven  out 

of  the  Territory  for  the  purpose  of  uscertajning  and  making  a  record  of  all  brands  and 
marks  upon  said  sheep,  and  no  sheep  bearing  Euiy  of  the  marks  by  the  law  of  this 
Territory  declared  to  lie  unlawful  shall  be  alioweil  to  be  shipped  or  driven  out  of 
the  Territory,  except  under  express  authority  of  the  sanitary  board.  The  inspector 
shall  also  reuuire  each  person  so  shipping;  or  driving  sheeiiout.of  the  Territory  to 
exhibit  a  bill  or  bills  of  sale,  or  authority  in  writing  to  ship  or  drive  such  Hheep, 
executed  as  now  provided  by  law  for  live  stock,  from  the  reconled  owner  of  sit  marks 
and  bnmds  upon  such  sheep,  unlete  such  person  is  himself  the  recorded  owner  of 
Buch  marks  and  brands.  The  inspector  shall  make  a  record,  and  report  to  the  secre- 
tary of  the  board,  of  the  number  of  the  sheep  ao  shipped  or  driven  out  of  the  Terri- 
tory, of  all  brands  and  marks  on  such  i^heep  and  of  the  facts  shown  in  such  bill  of 
sale  or  authority  in  writinf;  as  aforesaid,  and  shall  give  to  the  i>erson  in  charge  of 
Bucfa  eheep  a  certificate  setting  forth  the  said  facts,  and  the  said  person  sliall,  before 
receiving  such  certificate,  pay  to  the  inspector  a  fee  of  five  mills  (5  m.]  for  each  sheep  so 
inspected.  In  case  of  any  sheep  about  to  be  shipped  or  driven  out  of  the  Territory 
which  have  not  been  inspected  by  an  inspector  or  assistant  inspector  of  the  Bureau  of 
Animal  Industry,  and  a  certificate  issued  by  such  inspector  or  assistant  inspector,  as 
specified  in  the  second  section  of  this  act,  the  Territorial  inspector  shall  also  examine 
said  sheep  as  to  their  sanitary  condition,  and  if  fully  satisfied  that  they  are  free  from 
any  contagious  or  infectious  disease,  he  shall,  upon  payment  to  him  of  a  fee  of  one 
cent  ( Ic. )  for  each  sheep,  which  fee  shall  be  in  full  tor  all  services  performed  under 
Ibis  section,  give  to  the  person  in  charge  of  said  sheep  a  certificate  or  bill  of  clearance 
settini;  out  the  performance  of  everything  required  by  this  section,  which  certificate 
or  bill  shall  auuiorize  the  taking  of  said  sheep  out  ol  the  Territory;  and  it  shall  not 
be  lawful  for  any  person,  Ann,  or  corporation  to  offer  for  transjiortation,  nor  shall 
any  railroad  company  in  this  Territoiy  accept  or  receive  for  transportation  on  its 
lines  of  railroad  from  this  Territory  to  any  place  beyond  its  tMundoriee,  any  such 
sheep  for  the  transportation  of  whicn  a  certificate  or  bill  of  clearance,  as  herein  pro- 
vided for,  is  not  fimt  obtained  and  exhibited  to  the  railroad  company  by  the  shipper 
immediately  before  and  at  the  place  of  shipment;  and  any  railroad  company  violate 
ing  the  provisions  of  this  act  shall  be  hela  liable  in  the  sum  of  five  cents  (5c. )  per 
h^d  for  each  and  every  head  of  sheep  received  by  it  for  transportation  and  actually 
transported  from  this  Territory  to  any  place  beyond  its  boundaries  without  such  a 
certificate  or  bill  of  clearance,  which  snm  shall  be  recovered  for  the  use  of  the  sheep 
sanitiuy  fund  upon  the  suit  of  the  sheep  sanitary  board  in  any  court  of  competent 
jurisdiction:  And  prtnidtd  furiher.  That  in  event  any  judgment  should  be  recovered 
against  any  railroad  company  for  damages  because  of  its  compliance  with  any  of  the 
terms  of  this  act,  such  company  shall  be  reimbursed  in  the  amount  of  such  judgment 
out  of  the  sheep  sanitary  fund.  The  said  inspector  shall  make  report  to  the  secretary 
of  the  board  o[  every  inspection  niade  by  him  under  the  provisions  oi  this  section, 
which  said  report  shall  snow  the  name  of  the  shipper,  the  place  of  shipment,  the 
place  of  destination,  the  number  of  sheep  shipped,  tneir  marks,  brands,  and  sanitary 
condition,  and  the  date  of  shipping,  together  with  name  or  names  of  any  former 
owner  or  owners  of  such  sheep,  or  any  portion  thereof,  and  the  substance  of  the  bills 
of  sales  made  by  euch  former  owner  or  owners  exhibited  by  the  shipper,  and  any 
additional  matt^  which  may  be  retjuired  by  the  board. 

w—  »_     =!._       _,._iu  !-*»     Set.  6.  Allsheepshippedordriveninto  theTerritory 
rl^SfS  ,»  ™f.  «f  N"  Mrai"  !<"  the  |,urpoi«  ol  being  bi««<1  during 

Ttrrltorr  to  jrr»..  ,^,  ,,,„,,  „,  „,  p„„i'„„  !,l  lh»  r«,r  .S.]!  pay  a  iJ 

of  five  cents  (5c. )  per  head,  to  be  collected  by  tfie  sheep  inspector  at  the  time  of  the 
coming  of  snid  sheep  into  the  Territory,  or  as  soon  thereafter  as  it  maybe  discovered 
that  they  have  so  come  into  the  Territory,  and  said  tee  shall  be  a  lien  on  Bai<l  sheep, 
and  when  collected  shall  he  paid  into  tlie  sheep  sanitary  fund ;  and  unle»«  such  lee 
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IB  imnediately  paid  or  ita  payment  eecnred  to  the  aatiafaction  of  the  inspector,  the 
inspector  Hliall  summarily  take  char^  of  the  flock  or  flocks  of  eheep,  as  uoder  attach- 
ment, and  report  the  flocks  to  the  l>oard,  and  the  board  shall  institute  proceedings 
against  said  ebeep  aa  for  the  foreclosure  of  a  lien,  and  a^ainBt  their  owner,  for  the 
recovery  of  said  fee  and  all  costs  and  expenses  incurred  in  caring  fur  such  slieep 
while  in  the  custody  of  the  inq>ector. 

F**«  <-n1lM>tj>d  ta  hn  niuHl  for    ^"^-  ^-   -^"  feee  collected  under  BCctionB  three  and 
f™-™  „*  T— ^.?^  four  of  this  act  shall  be  used  for  the  purpose  of 

expenses  of  Inspection.         defraying  the  cost  and  expenses  of  iisp^ons 
therein  provided  for,  and  for  no  other  purpose. 

Bbc.  7.  Any  person  violating  the  proviBions  of  sectioita 
three  and  four  of  this  act,  whether  by  shippiiig  or  driving 
sheep  out  of  the  Territory,  without  first  having  obtained 
tbe  certificate  therein  provided  for,  or  by  failing  to  pay  the  fees  required  by  nid 
sections,  shall  be  deemed  Kuilty  of  a  misdemeanor,  and  shall  be  punished  by  a  fine 
of  not  less  than  one  hundred  dollars  ($100)  oor  more  than  fi^■e  hundred  dollars 
((600),  and,  in  the  dincretion  of  the  conrt,  also  by  imprisonment  not  exceeding  six 
months. 
A_-_.«  ~#  .k.__  -rith  «._ti.-i»-.    Sbc.  8,  Whenever  any  inspector  shall  find 

subject  to  penalty  not  exceeding  the  simi  of  one  hundred  dollars  (JlOO),  which  shall 
be  a  lien  on  such  sheep,  and  shall  immediately  report  the  facts  of  the  case  fully  to 
the  board,  and  the  board  shall  instruct  the  inspector  as  to  the  amount  of  penalty  to 
demand  and  collect  from  such  owner,  or  person,  or  sheep,  and  if  tbe  same  be  not 
PEud  within  ten  days  after  demand  is  made  therefor,  the  inspector  in  the  name  of  the 

■'-•--'       I  ..  .  .•  .  —  .._....    .....  t.  .     -.^^  proceedings 

_,  , ,      _ ;tcourtofthe 

county  where  the  office  of  the  board  may  be,  and  the  court  may  give  judgment  for 
any  amount  not  exceeding  the  amount  fixed  by  the  board  as  aforesaid,  and  the 
amount  so  recovered  shall  oe  paid  into  the  sheep  sanitary  fund,  but  the  imposition 
and  collection  of  the  penalty  herein  provided  for  shall  not  be  any  bar  to  any  criminal 

SrosecutioR  for  violation  of  any  other  provision  of  law,  nor  shall  these  provisions  be 
eld  to  interfere  with  or  repeal  any  other  statutory  remedies  or  proceedings  lookiiiK 
to  the  Bupjireeeion  of  contagious  diseases  ainong  shee^.  The  court  before  which  any 
such  case  is  tried  shall,  as  necessary  to  a  judgment  against  defendant,  require  evidence 


of  the  existence  of  scab  or  other  contagious  diHease  among  the  sheep,  of  notice  by  the 
inspector  to  the  owner  or  person  in  charge  of  the  sheep,  and  of  the  action  of  the 
board  in  fixing  the  penalty,  hut  the  certificate  of  the  secretary  of  the  board  shall  be 
sufficient  and  conclusive  evidence  of  the  action  of  the  board,  and  a  certificate  from 
the  inspector,  stating  the  fact,  shall  be  prima  facie  evidence  of  the  existence  of  scab 
or  other  contagious  dieease  among  the  sheep. 

ot,„„  ,_,  ■.*i,,ui  ~»  Ia.„i__  „4_  Skc.  9.  The  sheep  sanitary  board  shall  in 
Sheep  tai.  Method  of  levying,  e1«.  each  year  order  tlie  levy  of  a  tax  upon  the 
asseesed  value  of  all  sheep  in  the  Territory.  Such  order  shall  be  made  by  the  board 
on  or  before  the  firet  day  of  July  in  any  year,  and  shall  be  certified  to  the  Territorial 
■  auditor  by  the  secretary  of  the  board,  and  the  amount  of  such  levy  shall  by  said 
auditor  be  certified  to  the  beard  of  countv  commisfionere  of  each  counU,  and  such 
commissioners  shall  include  said  levy  in  tlieir  annual  levies  ot  taxes.  Such  special 
tax  shall  he  collected  in  the  several  counties  and  paid  to  the  Territorial  treasurer  in 
the  manner  provided  by  law  for  the  collection'  and  payment  of  other  Territorial 
taxes.  Such  fund  shall  be  kept  separately  by  such  treasurer  and  shall  be  used 
exclusivelv  for  the  payment  of  any  expenses  properly  incurred  by  the  sheep  sanitary 
board,  and  such  fund  shall  be  paid  oat  by  the  Territorial  treasurer  on  the  order  of 
Biud  board  only.  Such  special  tax  shall  be  assessed,  levied,  and  collected  at  the 
expense  of  the  several  counties;  and  in  case  the  county  commissioners  of  any  county 
shall  fail  or  neglect  to  make  the  levy  provided  herein,  they  shall  each  become  per- 
,  sonally  responsible  to  said  fund  in  an  amount  equal  to  twenty-five  per  cent  of  said 
levy,  to  be  collected  from  them  and  their  bondsmen  for  the  exclusive  benefit  of  said 
fund. 


)f  New  Mexico,  referred  t 
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Sbc,  11.  All  acts  and  parte  of  acts  in  conflict  with  this  act  are  hereby  repealed,  &nd 
thin  act  ehall  be  in  force  frojn  and  alter  ittt  paeeage. 
Approved  March  14,  1903, 


1  SnutU  inui  Autmbty,  Aj  i 


Law  of 


.r  laoo  o*n  .»A»j.ut  Sectios  1.  Article  four  of  chapter  three  hnndred  and 
ir  i»»8,  ere.,  kmenaen.  thirty-eight  of  the  laws  of  eifjiiteen  humlred  and 
ninety-three,  entitled  "  An  act  in  relation  to  agriculture,  conetituting  articles  one, 
two,  three,  four  and  five  of  chapter  thirty-three  of  the  general  Una"  aa  amended  by 
chapter  four  hundred  and  ninety-one  of  the  lawe  of  eighteen  hundred  and  ninety- 
eight,  chapter  one  hundred  and  eighteen  of  the  lawe  of  nineteen  hundred,  and  cha^ 
ter  three  hundred  and  twenty-one  of  the  lawHof  nineteen  hundred  and  one,  \a  hereby 
amended  by  adding  at  the  end  thereof  three  new  eectjonfi  to  be  numbered  respec- 
tively gectio'na  eeventy-e,  seventy-t,  and  seventy-g,  to  read  as  followe: 


ai.n—bt.ai—  __.!  aAiiinn    ^^-  70-e,  Ko  pereon  Hhall  slaughter,  lor  the  purpose 

SUnyhteriiig  ^"^  m"'"!!    of  gelling  the  >^.e  for  food,  or  expose  for  sale  or'sell 

Teal  lor  rood.  ^j^j„  ^^^^  g^^  ^^  j^^^^  ^^  ^^^  ^  ^  brought  into 

any  city,  town,  or  village  within  this  Rtate  for  food  any  cait  or  carcass  of  the  same, 

or  any  part  thereof  except  the  hi('-   — '-~  ''  '    ■ j  ■-__i.i. :,■..•. j . 

least  four  weeks  of  age  at  the  tini« 

by  the  commiseioner  of  agricultuT .         _,   _   _.,..._.    

State  offered  or  exposed  for  sale,  or  kept  with  intent  to  sell  aa  food,  and  if  such  calf  ie 
imder  four  weeke  of  age,  or  the  veal  is  from  a  calf  killed  under  four  weeks  of  B^e,  o 
from  a  calf  in  an  unliealthy  condition  when  so  killed,  he  may  seize  the  same  uu 
cause  it  to  be  destroyed  or  disposed  of  in  such  manner  as  to  make  it  impossible  to  1> 
thereafter  used  aa  food. 


from  any  part  of  this  State  any  carcflfls  or  carcasses  of  a  calf  or  calves,  or  any  part 
of  such  carcass  except  the  hide,  iinlcfH  they  shall  attach  to  every  carc&se  or  part 
thereof  so  shipped  in  a  conspicuous  place  a  tag,  that  shall  Htay  thereon  during  such 
transportation,  stating  the  name  or  names  of  the  person  or  persons  who  raised  the 
(Alf,  the  name  of  the  shipper,  the'poiats  of  shipping,  and  the  destination  and  theage 
of  the  calf. 

D.,^«i.i.._i  ...I  *..■.  awin— .-t  ^**-  '0-^-  On  and  after  the  passage  of  this  act  no 
''"h    l^T^!      ..^?il  «iIroa"comi«ny,    expr««    oom^v,    steamboat 

by  common  carriers.  company,  or  othe^  common  carrirshku  .«rry  or 

receive  for  transportation  any  carcass  or  isrcasses  of  calves,  or  any  part  of  the  same 
except  the  hide,  unless  the  naid  carcass  or  carcases  or  parts  thereof  shall  be  tagged 
as  herein  provided. 

Sbc.  2.  This  act  shall  take  effect  immetliately. 

Approved  February  19,  1902. 


Hi«eB  among  domoiKc  ■iilma.lf. 

The  People  of  the  fHate  of  New  York,  repregenlal  in  .Senate  and  AmanMy,  do  enact  a» 
foUowt; 

Bkction  1.  Ten  thousand  dollars  (f  10,000), 
or  so  much  thereof  as  may  be  necessary,  is 
hereby  appropriated  out  of  any  moneys  in 
the  treasury  not  otherwise  appropriated,  to  pay  expenses  incurred  and  to  be  incurred 
by  the  commissioner  of  agriculture  under  the  provisions  of  the  agricultural  law  in 
suppressine  or  stopping  the  spread  of  or  preventing  the  existence  of  contagious  and 
infectious  diseases  of  domestic  animals. 
Sec.  2.  This  act  shall  take  effect  immediately. 
Approved  January  23,  1903. 
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NORTH  CAROLINA, 

AM  ACT  To  prerenl  Ihc  upmilinfi  of  dlfeue  unonjt  hngs  In  Ciiirllurlc  (Jonnly  [imd  ocheT  pountics]. 

TTu'  General  Amemhiy  of  Xortli  i  hroliiia  do  iTuirt  .- 
niuuwd  Ikufr  In  M>rtal«  <>oniitlfii    ^"CTION  1.  That  it  shall  bo  unlawful  for  anv 
UlB«u«4  hog^B  In  cerUlM  conntleii    ^^^  ^^  persons  within  the  Irmila  of  Cuiri- 
mar  noi  run  ai  large.  ^^^^.^  County,  west  of  Currituck  Sound,  and 

tht!  <'ouDtiea  of  Wake,  Camd«n,  Tyrrell,  anil  I.enoir  owniu);  hoga  that  have  cholera 
or  other  infertioue  diaeaac  to  permit  the  same  to  run  at  large. 

Di.p»iti..  .rd.„«»d  ,.„.««,  jKveM"  .wr^iS!  &:t'°o£ 

infectious  diseaaea,  shall  bury  at  least  two  feet  under  the  soil  or  bum  or  have  bamed 
or  buried  said  bogs  at  once. 

PenaUr-    If    '    " 

That 
Ratitieii  Febniar>- 11,  1' 


AN  ACT  ReUtlns  (o  the  bnard  nf  llTo  stnrt  rommienloni^  aiKl  id  iliitlfS  and  « 
ItNU,  tactions  4^1-»,  4'Jll-U.  4211-16.  4:2I1-IK,  «2II-17.  anil  42ll-18o(  the  old  law 

copy  n(  thu  entire  law,  ax  ampiirled,  hai-  been  [umlxhed  by  W.  W.  Uillsr,  tea , 

board  of  agrlcultun'.  and  In  at  follow*:) 

Be  it  enacted  hi/  the  Cnteral  .IwfmWj/  nf  the  Slatf  of  Ohio: 

a*-.-  i.»._j  »#  .„i.„i« .„  .»-«»■     Skc.  4211-9.    Tlie  Ohio  State  board   of 

State  •«"*  «' ■B^'*'""''".**  •'O"*'^'     aRri.ulture  shall  l.e  and  is  hereby  conati- 
dlMaaes  of  animals.  ^j^,  ^^^  ^^  ^f  livestoik  c-ommi«ion- 

ere  for  the  promotion  and  protertion  of  tlie  live  etoi'k  iateresis  of  the  State  and  the 
prevention  of  the  spread  of  mfertious  and  c'ontaftio us  diseases  am ouk  domestic  animals 
and  the  extermination  of  the  same;  and  to  cooi>erate  with  the  Bureau  of  Animal 
Industry  of  the  United  Statee  Department  of  Afjrieulture  in  the  Buppretwion  and 
extjrpauon  of  contafiioua  and  infectious  diseases  among  domestic  animals.  The  board 
may  elect  such  officers  as  it  may  deem  necessary,  and  shall  have  power  in  ita  organi- 
zation and  work  to  prem'rihe  ir^uch  nileH  and  eetahlish  such  reKulations,  not  in  conflict 
with  law,  as  it  may  deem  necessary  to  Ee<-ure  strict  quarantine  and  otherwise  prevent 
the  spread  of  infectious  and  contagions  duteaseE  among  live  stock  and  extirpate  the 
same,  so  far  as  it  may  be  able  to  do. 

Hut*  aa  in  Bi^tlpnatlBir  dIuauB  ^*^-  ^211-10.  The  l>oard  of  commissionere  are 
»ntj  as  to  extirpating  dlaeaWB.  ^uthoriie-l  to  use  all  proper  means  to  prevent 
the  spread  of  dangerous  and  fatal  diseases  among  domestic  anmials,  and  to  provide 
for  the  extirpation  of  such  diseases;  and  in  the  event  of  anj'  such  contagious  or  infec- 
tious disease  breaking  out  in  this  Rtate,  it  shall  be  the  duty  of  all  pemons  owning  or 
havinij  in  chai^  animals  infected  with  the  same,  to  immeoiat^lv  notify  said  board  of 
coniinissioners,  or  some  member  thereof,  of  the  existence  of  suc^  disease,  and  there- 
upon it  shall  be  the  duty  of  said  board  immeiliately  to  cause  proper  examination 
thereof  to  be  made  by  a'competent  veterinarian;  and  if  said  disease  shall  be  found 
to  be  a  dangerously  contagious  or  infectious  malady,  the  board  shall  order  the  dla- 
eaaed  animus,  and  such  as  have  been  exposed  to  tne  contagion,  to  be  strictly  qnar- 
antined  in  cbanie  of  such  person  as  the  board,  or  an  authorized  member  thereof, 
shall  designate,  and  to  order  any  premises  or  (arms  where  such  disease  exists,  or  has 
recency  existeil,  to  lie  put  in  quarantine,  so  that  no  domestic  animal  subject  Ut  such 
disease  be  removed  from  or  brought  to  the  premises  or  places  so  quarantined;  and 
the  board  shall  prescribe  such  regulations  as  Ihey  may  deem  nece«iary  to  prevent 
the  contagion  from  being  communicated  in  any  way  from  the  premiaea  so  quarantined. 

D..JI,..,  ~f  J...J  ._i_.is  Sec.  4211-11.  The  bodies  of  all  dead  animals  shall  be 
Bodies  of  dead  anlmalB.    ^^^^^  ^^  ^^^^^  ,,y  ^^^^  ^^^^  ^^^^^  ^  provided 

ponnpt  nnthPHliH  '"«'   "■"'n   "^  knowB.  or  has  reason  to 

report  ontfcreaks.  believe,  is  attecled  with  a  dangerously 

cont^iouB  or  infeclioun  disease,  and  does  not,  without  unnecessary  delay,  make 
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known  the  eame  to  Boid  board,  or  to  aome  member  thereof,  or  to  the  eherift  or  con- 
Btable  of  the  proper  rounty,  to  be  b^  him  communicated  to  said  board;  or  any  per- 
Bon  or  corporation  who  shall  bring  into  this  Stale,  or  sell  or  diapoee  of  any  animal, 
knowiog  the  eame  to  be  affected  as  aforeaiLid,  or  any  animal  having  been  exposed  to 
Buch  contagion,  within  three  months  of  such  exposure,  or  shall  move  the  animal  so 
diseased  or  eipoeed  from  the  quarantine  to  which  it  was  ordered  by  the  board  of  com- 
iniHeioners,  or  ehall  move  any  animal  to  or  from  any  district  in  this  State  declared  to 
be  infected  with  such  contaKioua  disease,  or  shall  bring  into  this  State  aay  animal  of 
the  kind  diseased  from  any  district  outside  of  the  Ktate  that  may  at  any  time  be 
legally  declared  to  be  affected  with  such  disease,  without  the  consent  of  said  board, 
except  under  such  conditions  as  are  or  may  be  prescribed  by  said  board,  shall,  upon 
conviction  of  either  of  the  iJoreeaid  offenses,  be  fined  in  any  sum  not  exceeding  five 
hundred  dollars  (^500).  And  all  proper  expense  incurred  in  the  quarantining  of 
animals  under  the  provieiona  of  this  act  shall  be  paid  by  the  owners  thereof,  and  if 
the  same  is  refused,  after  demand  made  by  order  of  the  commissioners,  an  action 
may  be  brought  to  recover  the  same  with  costs  of  suit,  which  action  ma^  be  in  the 
name  of  the  State  of  Ohio,  lor  the  use  of  the  board  of  live  stock  commissionere.  It 
shall  be  the  duty  of  all  sheriffs  and  constables  to  execute  within  their  several  coun- 
tiee  all  lawful  orders  of  the  said  commissioners. 

Beeord.  of  bo.r-;  report  c,„p..«.    SSmf.Yol.^il'S^.lSS  S, 
lion,  ana  expenMB.  ^^^  ^^  inveetigations  of  diseases  of  live 

stock  and  report  the  same  to  the  governor  on  the  first  Monday  of  November  annu- 
ally, and  shall  publish  and  distribute  such  bulletins  and  reports  as  may  be  deemed 
of  general  interest  and  information.  The  supervisor  of  public  printing  shall  pro- 
vide tor  such  printing  as  the  board  mav  deem  necessary  and  desirable  to  benefit  the 
live  stock  interests  of  the  State  under  the  same  provisions  as  are  made  for  other  State 

Srinting.  Each  member  of  said  board  shall  receive  for  his  services  the  sum  of  three 
oiiars  ((.1)  per  day  and  necessary  traveling  expenses  for  each  day  he  is  actually 
engaged  in  the  investigation  and  eradication  of  diseases  of  domestic  animals  by  the 
direction  of  the  board. 

Sbc.  4211-15.  Whenever  the  governor  of 
the  State  of  Ohio,  upon  nH'cipt  of  infor- 
mation from  the  State  board  of  live  stock 
9,  shall  believe  that  any  dangerous,  contagious,  or  infectious  disease  has 
l>ecome  epidemic  in  certain  localities  in  other  States,  Tcrritoriep,  or  countries,  or 
that  there  are  conditions  which  render  domestic  animals  of  such  infected  district 
liable  to  convey  such  disease,  he  shall,  by  proclamation,  prohibit  the  importation  of 
any  live  stock  of  the  kind  <liseased  into  the  State,  except  under  such  regulations  as 
may  be  prescribed  by  the  State  board  of  live  stock  commi^ioners  and  approved  by 
the  governor. 

I      _   i„™»   t  ^r.^^A„^-.A     Sec.  4211-16.  When  in  the  opinion  of  the  commia- 
Appraisement  orcondemned    ^j^^^^  -^  ^^^^^^  ^^  necessary  I  prevent  the  further 
ais.  spread  of  any  dangerous,  contagious,  or  infectious 

diseaseamong  the  live  stock  of  the  State,  todentrov  animals  affe<'ted  with  or  which 
have  been  exposed  to  any  such  disease,  it  shall  <)etermine  what  animals  shall  be 
killed,  and  shall  appraise  or  cause  the  same  to  be  appraised,  by  disinterested  citizens 
as  hereinafter  provided,  and  cause  such  animals  to  be  killed,  and  their  carcasses  to 
be  disposed  of  ee  in  the  judgment  of  the  commission  will  best  protect  the  health  of 
the  domestic  animals  of  the  locality;  provided,  that  no  animal  shall  •  •  •  be 
slaughtered  under  the  provisions  of  this  art  unless  first  examined  bv  a  competent 
veterinarian  in  the  employ  of  the  commission  ami  the  disease  witli  which  it  is 
affected,  or  to  which  it  has  been  exposed,  adjudged  to  be  a  dangerous  and  contagious 
malady. 

Appointment  of  TetcrlBarUn.    ^^-  ^^^K^^,/"'  '^^^  ^"^  "^  "^  T^^  <^m™». 
•^■^  sioners  shall  appoint  a  competent  vetennarian, 

whose  compensation  shall  be  fixe<l  by  the  board;  such  veterinarian  to  perform  all 
<1uties  pre8cribe<l  by  the  board  and  be  subject  tosuch  rules  and  regulations  as  it  may 
adopt.  In  case  of  an  ootbreak  of  animal  disease,  the  board  may,  if  it  is  deemed 
advisable,  appoint  temporarily  additional  veterinarians,  or  other  persons  for  any 
special  work  in  furtherance  of  the  live  stock  interests  of  the  State,  and  fix  their  com- 
pensation. 

Iiiia.uuitin.1  •>.ii  n.>..«au<tiAn  nf  ^S"^-  4211-16  B.  tu  the  enforcement  ofauv  of  the  pro- 
iMpectloB  Md  pro^        of   ^i^i„„g  ^f  ,^ig  ^j  „^  ^y  ^^1^^,  l^^g  ^[-^jjj^j^  ^/^^^^ 

ine  HWCB.  ij^^  ^f  |j^,g  Block  commissioners,  and  intheenforce- 

inent  of  the  rales  and  regulations  that  may  be  adopted  under  the  authority  of  this  set, 
n^'board  of  live  stock  commissioners,  of  any  of  them,  or  their  authorized  officers, 
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agente,  or  employKB,  shall  haveanthority  to  enter  upon  any  public  or  private  premiaee, 
or  within  any  building  wbere  live  HtiX'k  ie  housed,  or  to  enter  anv  railn'ay  uir  or  anv 
boat  or  other  conveyance  used  in  the  transportation  ot  live  stoct,  for  the  purpose  of 
inspection  and  for  the  protection  of  the  live  stock  of  the  State. 

aani^rmi  luiiaitr  ^"'^  4211-16  C.  The  fuluK  of  any  individual,  company,  or  cor- 
venerai  penwiy.  p^,,^!!^^  to  comply  with  the  rules  ot  the  board  of  live  Btock  CMn- 
_■__- ^j,j^  reepectita  r^rulations  with  regard  to  diseased  animals,  when  notified 


so  to  do,  shall  subject  the  offender  to  a  penalty  of  not  len  than  fiftv  dollars  ((50) 
nor  more  than  five  hundred  dollars  ($500),  to  "be  recovered  by  civil  action  in  the 
county  where  the  offense  is  committed  or  in  the  county  of  Franklin,  and  in  addition 
to  the  penalty  above  provided,  a  pereon  violating  any  of  the  provisionB  of  this  act 
shall  be  deemed  guilty  of  a  misdemeanor,  and  on  conviction  ehaU  be  fined  not  lesa 
than  fifty  dollars  {$60j  nor  more  than  two  hundred  dollani   (5200),  such  fines  and 

Knalties  to  be  collected  in  the  name  of  the  State  of  Ohio  for  the  use  of  the  board  of 
e  stock  comniisHionerB, 

C~p.r.llon  win  B.™..  ot  Anim.l    ?"■  'fiS-""'-,^.''',.'^"',!'^!."?^!; 
"^  i«iino#».  commiBBioners  is  authonzed  to  accept  on 

inaasirf.  behalf  of  the  State  the  r^ilee  and  regula- 

tions prepared  by  the  Commissioner  [Secretary]  ot  Agriculture  under  and  in  pursu- 
ance of  section  three  of  an  act  of  Congress  approved  May  29,  1S88,  entitled  "An  act 
for  the  establishment  of  a  Bureau  of  Animal  Industry,  to  prevent  the  deportation  of 
diseased  cattle  and  to  provide  means  for  the  Hupprcanon  and  extirpation  of  pleuro- 
pneumonia and  other  cont^oua  diseases  among  domestic  animals,"  and  to  cooperate 
with  the  authorities  of  the  United  States  in  the  enforcement  of  the  provieions  of  such 
act. 

»__„,(,  .  _  _.  .  t^. „„.*„_  Sbc.  4211-16  E.  The  inspector  of  the  Bureau 
Pow.r.  or  eo.mn.iit  lii.p«ctor.  „,  4„,„„,  ,„j„„y  „,  ,|lfij„M  State.  lUl 
have  the  right  of  inspection,  quarantine,  and  condemnation  of  animals  oKected  with 
any  contagious,  infectious,  or  communicable  disease,  or  suspected  of  being  so  affected, 
or  tliat  have  been  exposed  to  any  such  disease;  and  fur  these  purposes  are  authorized 
and  empowered  to  enter  upon  any  ground  or  premises  in  the  State.  They  shall  have 
power  to  call  upon  any  constables  and  peace  ofhcers  to  assist  them  in  the  discharee 
of  their  duties  in  carrying  out  the  provisions  of  said  act  of  Con^'essi  and  it  is  made 
the  duty  of  said  officers  to  assist  them  when  so  re<|ueeted.  The  inspectors  shall  have 
the  same  powers  and  protection  as  j)eace  officers  while  engaged  in  the  discharge  of 
their  dutjes. 

r<»n.^.s.*i«..  r™  ._!.». la    Sec.  4211-17.  In  case  of  destruction  ot  any  animal 
CamiM-nMMoii  for  .ntmals    ^^^^^  ^^^^  provisions  of  this  act,  the  compeiisation  to 
aeBirojen.  ^  ^^^^  f^^.  ^^^^  ^^^^  ^^  ^^^^  ^^^^  ^^^^^^  ^  computed 

upon  the  basis  of  the  actual  value  ot  the  diseased  animal,  it  any,  at  the  time  of 
slaughter;  for  any  animal  that  has  been  kept  in  the  same  building  or  enclosure  two- 
thirds  of  such  value,  and  in  case  of  other  animals  destroyeil  for  theextinctlon  of  such 
disease,  the  full  value  of  the  some  without  reference  to  the  suspicion  ot  contagion; 
providedj  that  no  compensalion  shall  he  nia<]e  to  any  person  who  may  have  brought 
animals  into  the  State  affected  with  such  contagious  disease,  or.  from  a  district  in 
which  such  contagious  disease  existed,  or  who  may  have  wilfully  concealed  the  exist- 
ence of  such  disease  among  his  stock  or  on  his  premises,  or  may  have  by  willful 
neglect  or  purposely  contributed  to  the  spread  of  such  contagion;  and  in  appraiang 
animals  to  be  slaughtered  as  herein  provicled,  no  allowance  shall  be  made  on  account 
of  such  animals  being  thoroughbred,  or  pedigree  stock. 

MBihmi  AruHtinr  oi.iuiB  ^'^-  ^211-lS.  All  claims  i^ainst  the  State  by  owners  of 
Meinoii  01  payinf  ciaiDis.  ^i,„a|a  sUughtereil  under  the  provisions  of  this  act 
shall,  when  approved  by  the  iKiard  ot  live  st(K:k  commissioners,  he  reported  by  said 
commission  to  the  governor,  to  be  by  him  communicated  to  the  le^slature  with  the 
recommendation,  it  the  matter  is  approved  by  him,  that  the  proper  appropriation  be 
made  to  pay  such  claims. 

WHEREAS  All  ratlle  wfnlered  In  Ihe  States  of  Flortfla.  South  Carolln*,  North  CaroHna,  fieonrla, 
AlabamR.  MlHtlnippi,  Luulsiuna.  TBimesHH!.  Arkan>a>,  Texan,  and  the  Indian  Terrllorr  are  Inferled 
with  a  germ  whicli  renders  them  capiible,  eifept  dnrtnu  the  (rosl  ol  winter,  ol  Infecting  northern 
cattle  with  a  maladr  com  manly  known  as  "Texas  fever,"  while  they  Hbow  no  manlfeslalion  of  dis- 
ease; theiefon. 

rina«l  <u»iu>n  r«f  T«ni.    ^^'  ■'211-19.  During  the  months  of  March,  April,  May, 
Llosea  season  for  Texas    j^^^^   j,,,.^.    J^a^^^^  September,  and  Oct-iber  no  cattle 
lever  caxiie.  ^^^^^  ^  permitte.1  to  be  driven  into  this  State  from  any 

oE  the  above-mentioned  States  or  Indian  Territory,  or  that  shall  have  been  wintered 
therein,  nor  shall  any  person  or  company  bring,  or  cause  to  be  conveyed  into  this 
8tate  by  railway  or  otherwise,  any  such  cattle  under  said  conditions,  except  as  speci- 
fied in  the  next  section  of  this  act. 
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Tan  nntiM  nnlnadod  fltc  ^"^-  *211-20.  Any  railroad  orothertfWiBportationeom- 
t,an  not  Im  nBlosded,  etc.  conveying  into  or  through  this  State,  or  any  stock- 

yanl  company  receiviMHUchcattledurinf!  the  monthBsforwaid,  will  not  be  permitted 
to  unload  the  eame  in  ttaiB  Stale  for  any  other  purpose  than  to  be  fed  and  watered  or 
for  iniinediate  slaughter,  and  in  yards  and  premises  especially  provided  for  that  pur- 
pose, into  which  the  northern  cattle  will  not  be  permitted  to  enter.  And  the  location 
and  arrangement  of  the  said  yarda  and  premiaea  and  the  disinfection  of  the  care  and 
quarters  used  in  the  transportation  of  such  cattle  shall  be  governed  by  the  rules  and 
ref^Utiona  preecribed  by  the  board  of  live  stock  o 


to  be 
•r  Ter- 
ritory above  mentioned,  or  to  be  driven  or  conveyed  otherwiw  than  as  herein  Bpecifled, 
shall,  upon  conviction  thereof,  be  lined  in  any  sum  not  lees  than  one  hundred  dollars 
(¥100),  nor  more  than  one  thousand  dollars  ($1,000),  and  shall,  moreover,  he  liable 
for  all  damages  that  may  be  occasioned  on  account  of  other  cattle  being  infected  with 
said  disease. 

¥»_*_  »»  * *-*!_.. I..     Sbc  4211-22.  It  shall  be  the  duty  of  all  rail- 

Dntj  oMTMBlwrUtloii  compaalM!    ^         „d   „ther  tmnsportation  Companies 
penmlty  for  violation.  briipng  into  and  uniting  in  this^tate 

cattle,  otherwise  than  as  specified  in  section  two  (4211-20)  of  this  act,  durins  the 
montha  above  specified,  to  recjuire  a  statement  to  De  made  in  their  shipping  Dills, 
Bhowing  in  what  State  or  Territory  Ihe  cattle  shipped  were  wintered;  and  it  shall  be 
the  duty  of  every  railroad  company  bringing  into  tnis  .State  cattle,  which  may  unload 
such  cattle  for  any  other  purpose  than  to  oe  fed  and  watered  as  specified  in  section 
two  (4211-20)  of  this  art,  to  leave  at  the  office  of  such  company  nearest  the  point 
-where  such  cattle  may  be  unloaded,  a  copy  for  public  inspection  of  the  statement 
above  required,  showing  where  the  same  were  wintered ;  and  any  company  or  cor- 
poration nfslecting  to  comply  with  the  provisions  of  this  section,  shall,  upon  convic- 
tion thereoij  be  fined  in  any  sum  not  exceeding  five  hundred  dollars  (S5(K)). 


dut]'  of  the  prosecuting  attorney  of  any  county  in  which  the  suit  may  be  brought  to 
bcsiD  and  prosecute  any  action  for  the  violation  of  the  provisions  ol  this  act  and  the 
rukfl  and  regulations  of  the  board  of  live  stock  conimiesionere.  Proceedings  against 
*ny  railway  company  under  this  act  may  be  had  in  any  county  in  this  State  through 
which  any  portion  of  such  company's  road  may  pa«s  or  in  which  its  principal  office 
may  be  atuated;  and  proce«8  may  De  served  by  leaving  a  copy  at  the  office  of  such 
company  within  such  county. 

"  that  be  knows  or  has  reason  to  ttelieve  la 

affected  with  the  disease  known  as  glandera  or  farcy,  or  that  has  been  adjudged  to 
be  so  affected  by  the  State  board  of  live  Htock  commissioners,  upon  a  report  made  to 


said  board  by  a  competent  veterinary  surgeon,  in  their  employ,  after  a  careful 
nation  of  such  animal,  who  shall  sell  or  otherwise  dispose  of  or  secrete  the  suiue,  or 
shall  fail  to  keep  auch  animal  securely  isolated  so  that  contact  with  other  horses. 


niulee,  or  asses  shall  not  be  possible,  shall,  upon  conviction  of  either  of  said  offenses, 
be  fined  in  any  sum  not  exceeiling  five  hundred  doll       —     ■        ■    ■    ■■ 
be  liable  for  all  damages  aust^ned  by  reason  of  the  si 


or  glandered  anImaU.  ^■^^  gander,  or  farcy  in  the  chronic  stage  of  the 

disease,  which  may  be  adjudged  capable  of  rendering  some  service,  the  board  may 
(.■aiise  the  animal  to  be  appraised  and  order  such  compensation  to  be  paid  out  on  the 
order  of  the  live  stock  commihsioners,  on  the  warrants  of  the  auditor  of  State,  out  of 
any  funds  in  the  treasury  to  the  erwlit  of  the  live  stock  commission,  as  in  the  judg- 
ment of  the  commisaioneis  may  be  just,  not  exceeding  its  cash  value:  Provided,  The 
horse  was  not  diseased  when  pai<sed  In  possession  of  the  owner. 

D  _.i4.  R.-  .ii..—.!..    jio^.o.j    Sec.  4211-26.  Any  perwin  owning  or  having  in 
■heep  to  rnn  >t  l.rje.  ,hoTh,ll  Wer  the  »n,e  to  n.n  upon  .ny  hf,h- 

way,  common,  or  other  nninclosed  ground,  or  shall  sell  sncli  sheep,  knowing  or  hav- 
ing reason  to  believe  them  tobedlsem^.withoutdisclosinf^  thefact  to  the  purchaser, 
shall,  upon  conviction  of  either  of  said  offences,  be  fined  m  anv  ■-nni  not  exceeding 
one  hundred  dollars  (f  100),  and  be  liable  to  parties  injured  for  alt  damages  sustained. 


den  tbcli  flesh  imflt  (< 

Be  U  enacted,  <(c. 
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n  *i       »     I     >  .  J  «_».- .    Sac.  *212.  All  railway  companies  and  owners  ol 

Daties  of  carriers  «id  owners  «t«imb<»te  used  in  couveyiSgLive  stock  and  own- 
er stoci  yaras.  ^^^^^  ^^^  y^^^  ^  j  ^^1^^^  premiBee  that  may  be 
occupied  by  eucb  stock,  shall,  immediately  upon  dis(X>vertDg  any  oonta^oua  diaeaae 
amonK  stock  occupyiog  such  care,  txtats,  yards,  or  other  premises,  take  all  possible 
measures  to  prevent  such  diseased  stock  from  commuDicating  the  contagioo  to  other 
stock,  and  shall  moreover  cause  all  such  cars,  boats,  vards,  and  premises  to  be  thor- 
oughly disinfectad  beFore  the  same  shall  be  occupied  Dy  other  stock.  Every  co^mm- 
tionand  company,  their  officera  and  employees,  or  individuals  violating  the  provuions 
ot  this  section,  shall  pay  a  penalty  not  eieeeding  five  hundred  dollars  ($6iJ0),  to  be 
recovered  in  any  conrt  of  competent  juriKliction,  and  shall  also  be  liable  to  parties 
injured  for  all  damages  that  may  be  occasioned  thereby. 


PENNSYLVANIA. 

il-praducliuc  ftDlm 
' u  food. 

■  II         r     _...  -  R.-     Section  1.  That  whenever  it  comes  to  the  knowledee 

iBspectio.  or«are««M  for    „f  ^j^^  secretary  of    the  SUfe  live  stock  sanita^ 
TDDercaiOSIB.  hcMrd,  or  an  agent  ot  that  board  who  is  authorised 

to  inspect  animals,  that  a  meat-producing  animal  kilted  for  food  was  found  to  be 
infected  with  tuberculosis,  or  with  a  disease  resembling  tuberculosis,  it  shall  be  the 
duty  of  the  secretary  of  the  State  livestock  sanitary  board,  either  himself  or  by 
deputy,  or  of  an  authorized  agent  of  the  State  live  stock  sanitary  board,  to  make  an 
inspection  of  the  said  dead  animal  and  its  parts,  for  the  purjKise  of  ascertaining 
whether  it  is  c>r  was  infected  with  tuberculosis,  and,  if  infected,  to  what  extent 

infected  with  tuberculosis  or  other  infectious  disease,  and  to  a  degree  that  renders 
the  fl«eh  unfit  for  use  as  food,  the  said  dead  animal,  caress,  or  meat,  shall  be  con- 
demned and  shall  be  disposed  of  by  the  use  of  any  method  that  is  approved  by  the 
State  live  stock  sanitary  t>oanI.  For  the  guidance  of  inspectors  oi  animals  and 
meets,  and  of  agents  of  the  Slate  live  stock  sanitary  board,  rules,  for  the  inspection 
of  the  carcasses  of  meat-producing  animals  may  be  promulgated  by  the  State  live 
stock  sanitary  board,  or,  in  the  absence  of  such  rule»,  the  rules  of  the  United  States 

Bureau  of  Animal  Industry,  that  cover  the  inspection  of  animals  and  cr '"~ 

tuberculosis  in  abattoirs  under  Federal  inspection,  sliall  be  observed. 


fay  the  secretary  of  the  State  live  stock  sanitary  t>oard.  or  by  a  member  or  agent  of 
the  State  live  stock  sanitary  board,  and  certified  by  tiim  in  writing  on  an  ofRcial 
form  that  shall  he  provided  for  this  purpose  by  the  State  live  stock  sanitary  board, 
that  the  fleah  of  a  meat-producing  anmial  is  unfit  for  use  as  food,  on  account  of  the 
fact  that  the  animal  from  which  it  came  was  infected  with  tuberculusis  to  an  injurious 
d^ree,  the  said  meat  or  carcass  may  be  appraised  by  agreement  between  a  member 
or  agent  of  the  State  live  stock  sanitary  board  and  the  owner  or  his  agent,  or,  if  an 
agreement  can  not  be  made,  three  appraisers  shall  be  appointed,  one  by  the  owneror 
his  agent,  one  by  the  State  live  stock  sanitary  board  or  its  authorized  agent,  and  the 
third  by  the  twoso  appointed,  who  shall,  under  oath  or  affirmation,  fairly  and  impai^ 
tiallv  appraise  the  meat  or  carcass,  taking  into  consideration  its  apparent  market  value 
at  tne  time  of  appraisement:  J'romded,  however.  That  such  appraised  valuation  shall 
not  exceed  five  cents  (5c.)  per  pound,  nor  twenty-five  doilais  ($25]  for  the  entire 


Haw  nnnpflluul  valnatinn    ^^'  *"  "^^^  amount  of  the  agreed  or  appraised  valua- 

B^»^t  hTUfd  ^O"   shall   be  paid   by  the^tate  live  rtook  sanitary 

sBali  De  pKia.  j^^j^  j^  ^j^g  ^^g  manner  as  other  expenaee  ot  said 

board  are  paid,  upon  the  presentation  of  satisfactory  certiflcatee  of  condemnation 

and  valuation,  and  satisfactory  evidence  in  writing  that  the  condemned  animal  has 

been  continuously  in  the  State  of  Pennsylvania  for  not  less  than  four  months  prior 

to  slai^hter,  and  that  the  carcass  was  disposed  of  in  a  way  that  had  been  approved 

by  the  State  live  stock  sanitary  board. 

Approved  March  25,  1803.  ■     ' 


^j  By  Google 
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AN  ACT  To  provide  [or  the  Invnitlgatlon  of  the  dlMaseii  ot  domeiclc  anlnuilg.  and  nukliiK  an  nppn>- 

Be  it  enacted,  etc.: 
»25,000  for  InTMtip.tln?  diseUeB,  l"^"*'.^'/.'?*'  '^s^friS^"^  twenty-five 
pBDeelaHT  tnbercnloalaofMttle  thousand  dollars  $25,000  ,  or  m  much 
eepe«iaU7  inMrcnloaiS  or  came.  thereof  as  may  be  necessary.  b«  and  the 
same  is  hereby  specifically  appropriated,  out  of  any  money  in  the  Ireasury  not  other- 
wifie  appropriated,  tor  the  purpose  of  conducting  investiRations concerning  the  cauaee, 
Mature,  treatment,  and  prevention  of  tbe  diseases  of  the  domestic  aDimals  o(  the 
Commonwealth  of  Pennsylvania,  and  especially  for  tbe  inveHtigation  of  tuberculosis 
of  cattle,  and  of  improved  measures  [ilanned  to  check  or  reprete  thia  disease,  with 
the  object  of  discovering  new  fncts,  wbicli  may  be  applied  advantafieouslv  and  profit- 
ably by  the  owners  of  live  stock  and  those  engaged  in  tbe  care  and  rearmg  of 
animals. 

Sec.  2.  That  such  investisation  shall  be 
made  by  and  under  the  direction  of  the 
State  live  stock  sanitary  board,  and  the  said 
board  is  hereby  authorized  to  make  such  provision  for  and  conduct  such  work  of 
inveetigation  as  is  deemed  necessary  for  the  purpose  of  dieeovering  the  most  efficient, 
economical,  and  practical  means  of  avoiding  and  suppreeeiug  the  diseases  of  the 
domestic  animals  of  this  Commonwealth,  and  the  practical  deductions  from  such 
work  shall  upon  the  order  of  the  secretary  of  agriculture  be  published  as  a  part  of 
tbe  annual  report  of  the  department  of  agriculture,  or  as  bulletins  from  said  depart' 
ment:  ProuitUd,  however,  That  all  eipenses  incurred  under  the  provisions  of  this 
act  shall  first  be  approved  by  the  governor  and  the  secretary  of  agriculture.  The 
said  appropriation  is  to  be  paid  upon  the  warrant  of  the  auditor-general  on  the  pre- 
(mentation  of  j-pecifically  itemized  vouchers  and  the  written  approval  of  the  governor 
and  secretary  of  agriculture  as  herein  provided. 
/Approved  May  15,  1903. 


PORTO  RICO. 

AN  ACT  PioTtdlitg  (or  the  pnynieiit  of  Ihe  vilue  o(  aalmaln  found  to  be  raftering  trom  glanden  and 
Be  it  enacted  by  the  Ijcgistalive  Aaembly  of  Porta  Rico: 

ment.  r.,..li»r  ^j^^^  ^  c„m™lleS  to  pay  from  their 

treasuries  two-thirds  of  the  value  of  the  appraisement  made  on  cattle  which  must  be 
killed  because  of  being  found  to  be  suffering  from  glanders,  anthrax,  rabies,  or  tuber- 
culosis is  hereby  repealed. 

Sec.  2.  All  laws  or  parts  of  laws  in  conflict  with  this  act  are  hereby  repealed. 

Sbc.  3.  This  act  shall  take  effect  from  and  after  its  passage. 

Approved  February  28,  1902. 

AH  ACT  To  prevent  oonUsloiu  nnd  luCectlouii  dlseues. 
,    Be  it  enacted  fty  the  Legislative  Auembly  of  Porto  Rico; 

-a   i_»i„_„  »„_  ,.„._._«(_„      Section  1.  That  the  governor,   upon   the   recom- 

BcffuUtloBS  for  qpwantine.  ^^^j^tj^^  „(  j^e  supirior  boiird  ot  health,  is  au- 
thorized  and  empowered  to  establish,  maintain,  and  enforce  such  local  quarantine. 
sanitary,  and  other  regulations  as  he  may  deem  necessary  to  protect  the  health  and 
safety  of  the  people  or  domestic  animals  of  the  island  from  all  contagious  or  infec- 
tious diseases,  and  by  proclamation  to  designate  the  foreign  or  domestic  ports  a^lnsj 
which  sanitary  or  quarantine  regulations  shall  be  enfort^,  or  with  which  all  inter- 
course shall  be  prohibited. 

n  1*  •—  .1-1. «i^-  «_.!._..  Rbc.  2.  Any  person  who  shall  violate  any  order  or 
P.D.lt,  ror  ilelatliw  order..  p^.,„,||;„'  „  |„„rf  ^y  the  governor  oruiy  pnrt 
thereof  shall  be  liable  to  punishment  according  to  the  provisions  of  the  penal  code. 
The  police  shall  enforce  and  make  effective  all  such  quarantine,  sanitary,  or  other 
regulations  or  proclamations. 

D._..i.»i»—  #„-  A^^^n.  ...I....1.  S*^-  3-  The  superior  board  of  health  shall 
RegrnUtlons  for  domestic  animals.  ^^  regiilat^one  for  the  treatment,  quar- 
antine,  and  destruction,  of  domestic  animals  suffering  from  infectious  or  cont^oua 
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Pmrpr  nf  •m-st  mnd  nr«Hi>pntlOB  ^*^'  ■*■  '^''*  P'««'('ent  of  the  boftrd  of  health, 
rower  or  arrest  mud  prOBeentloi.  „,embere  of  the  superior  bowtl  of  health,  and 
insular  health  inspcctoni  shall  have  the  power  to  arrext  and  prosecute  any  peraon 
offeading  the  above-mentioned  regulations,  prockmatioae,  orany  part  of  iJiem. 
iisn....iin.F  ni.na..  ^Kc,  5.  AlF  laws,  royal  decrees,  jieneral  orders  and  parts  thereof 
aupeaiiiiK  eianse.    ^^  conflict  witli  the  provisions  of  thia  act  are  hereby  repealed. 

Sec.  6.  That  this  art  shall  take  effect  from  and  after  its  passage. 
Approved  March  1,  1902. 

AN  ACT  To  i-elabllah  a  pensi  code  lor  Porto  Rim. 

}h  it  eniu-i'd  hy  Ike  LegMfitke  AMtmbly  of  PoTio  Rieo; 
Title  of  act.    ^*^''""'*  ^-  That  this  act  shall  lie  kno^'n  aw  the  "Penal  Code  of  Pori» 

P...U,r.r  „H,« ,»««.«  ..lni.li.  S:S'o«t??o'?Sg:SZ'"o;5°pSfU 
who  shall  cause  or  procure  to  be  sold  or  ofiered  for  sale,  or  used,  or  exposed,  any 
horse,  mule,  or  olher  animal  having  the  disi'atie  known  as  tilanders,  or  any  other  con- 
ta^ouH  or  infectious  diifeaee,  shall  be  guilty  of  a  misdemeanor. 

m^»4  ..lm.U  .....  be  d...r.jed.  ^^f  .J«  <,,tf  >'c"S,iT'l„'lSS3 
disease  shall  at  oace  be  deprival  of  life  by  the  owner  or  pertion  having  charge 
thereof,  upon  discovery  or  knowledge  of  its  condition,  and  any  such  owner  omitting 
or  refusing  to  comjily  with  the  provisionit  itt  this  section  shall  be  guilty  of  a  mis- 
demeanor. 


— r  o.  „„*„  j  ^  .__i.„i  any  paiiie,  norses,  muies,  or  asses,  aiier  me  ( 

Insiweted  onarrival.  ^  „^^^  proclamation  holding  in  nuanuitine  for  the 

purpose  of  inspection  for  containous  or  infectious  diseases  such  aannals,  and  allows 
tlie  same  or  any  of  them  to  leave  the  pla<«  of  their  first  arrival  in  Porto  Rico,  until 
they  have  been  examined  by  the  insular  veterinary  surgeon,  and  a  certificate  has 
been  obtune<l  Iherefnim  that  such  anitnalsare  free  from  disease,  or  permits  any  such 
animals  to  nm  at  lar)^,  or  to  be  removed,  or  to  escape  before  sucii  certificate  has 
been  received,  is  punishable  by  a  fine  not  exceeding  five  hundred  dollars  (f-'iOO]. 
B»  1*-  /»■  •— ..»»-ti»~  Sec.  356.  Every  person  who,  alter  the  publication  of 
Mli/l/notlnBnwtM  '^  «"'^*'  P'oclanmtio^  knowingly  receiver  or  transport- 
anlnalB  not  Inspeeteil.       ^jj^^^  ^j,^  |j,j^j,g  ^j  ^^^  ^^^.^  ^^^  ^^^^  mentioned 

in  the  preceding  section  before  the  certificate  mentioned  therein  has  been  given,  is 
punishable  by  a  fine  not  exceeding  two  thousand  dollars  ($2,000). 
p.n.Hi'  fnrr.iini-BiA    ^^-  356.  Kvcry  persoR  whoownxorhasthecugtody  of  any 
rlZJtat^l^  ™"le.  ''o-^.  >""'«'•  °'  «8S^  infected  with  a  rontagiom 

repori  Disease.^  disease,  and  fails  to  immediately  report  the  same  to  the 

insular  health  authorities,  or  conceals  the  existence  of  such  disease,  or  attempts  to  do 
BO,  or  wilfully  olwtnictsor  resistathesaid  health  aut ho riticw  in  the  discharge  of  their 
duty  as  provi<le<l  by  law,  or  sells,  or  gives  away,  or  U!>eM  the  meat  or  milk,  or  removes 
the  fkin  or  anv  |iart  of  such  animal,  is  punishable  by  tine  nut  exceeding  three  hun- 
dred dollan"  (^fOO)  or  imprisonment  in  jail  not  exceeding  one  year,  ot  ooth,  in  the 
discretion  of  tlie  court. 
VI  i»*i«    »* .  »— ^«i.... ..    Sec.  .157.  Every  person  who  shall  violate  the  terms  of 

i,Tsden?e«»«r  any  proclamati^nT«-ue<l  by  the  governor  in  a-.cordance 

misdemeanor.  ^th  law  and  in  relation  to  public  health,  or  who  shall 

violate  local  quarantine,  sanitary,  or  other  regulations  issued  under  authority  of  law, 
shall  be  guilty  of  a  miMlenieanor  and  shall  te  punishable  accordingly. 


Approved  March  1,  1903. 


itizedByGOOgle 


laws:  coNTAOions  diseases  of  domestic  anuials.      3tf 

SOUTH  CAROLINA. 

AN  ACT  To  proUblt  the  Importation  of  diaeaaed  slock  lalo  Ihls  State. 
Be  it  enacted  hy  the  Gerifral  Aieembly  of  the  Slate  of  South  Ciirdina: 

EtTioN  1.  That  from  and  alter  the  passiwe  of 
lia  act  it  shall  be  unlawful  fur  any  person,  firm, 
.  r  corporation   to   knowingly  import  into  tliia 
State  any  stock  with  contagious  diseai«8,  exL'ept  diBtemper. 

p       l,       8bc.  2.  That  any  person,  firm,  or  corporation  violating  the  provifrioiu  of 
"'    this  act  shall  be  deemed  (jnilty  of  a  iiiislemeanor,  and,  upon  conviction, 
shall  be  fined  not  less  than  one  hunilred  dollars  ($100)  and  not  more  than  five  hun- 
drt^  dollars  (£500),  or  shall  siLBer  notinore  than  twelve  months'  impriaooment 
Approved  February  21,  1903. 


le  Slat«  of  TeiaB— 01 
Be  it  eaacted  bij  the  Leyitlalure  of  the  State  of  Texat: 

4.  Title  XVII,  or  Fenat  Coae.  ^  ^  hereafler  read  aa  lollows:  Article  H22. 

The  counties  of  Fr«estone,  Gonzales,  Morris,  Titus,  Cass,  Marion,  Bowie,  Red  River, 
Trinity,  Ban  Jacinto,  I^olk,  Andenusn,  Van  Zaudt,  Gaitieron,  Collin,  Colorado,  Grimee, 
Houston,  Webb,  Encinal,  Hunt,  Hopkins,  Ellis,  Dallas,  Rockwall,  Denton,  Fannin, 
Henderson,  Brazos,  Smith,  Panola,  urosg,  L^mar,  Wood,  Rains,  Limestone,  Cooke, 
Brown,  Comanche,  Cherokee,  Mills,  Monttcouierv,  Shelby,  Lee,  Burleson,  Rusk, 
Lavaca,  Milam,  Wine,  ll|iehur,  Rotertson,  Camp,  Farker,  Franklin,  Navarro,  Karnes, 
Wileon,  Atascosa,  Harrison,  San  Au(;uHtine,  Sabine,  Fayette,  Austin,  Leon,  Madison, 
Hill,  Boeque,  Waller,  Fort  Bend,  Washington,  Uuadalupe,  Caldwell,  Haj-s,  Tarrant, 
Johnson,  Clay,  Montatfiie,  Erath,  Hood,  Somervell,  Bastrop,  Harris,  Harrison, 
Orange,  Jefferson,  Ua^in,  Liberty,  Chambers,  Newton,  Tyler,  Jasper,  Kenfman, 
Kacogdocbes,  Dcwitt,  Victoria,  Jackson,  Calhoun,  Refugio,  tioliau,  and  Aransae 
are  exempted  from  the  provisions  of  thb  chapter. 


s  effect  ninety  days  after  adjournment 


Bt  it  enacted  by  the  Legirlfifure  of  the  Stale  of  Uah: 
HhunntininlBfllnnAPflanil  flhsan    Sbctios  L  Tfaat  a  Sl&te  board  of  sheep commis- 
•■loiF^ivi  viv««n<.  ^jjj  jjjg  ^^^^  ^j^  hereby  created. 

tonpensation,  etc.,  or  com  ibIbhi  oners,  gi,,,,^^^  hereinafter  called  the  board,  shall 
consist  of  five  members,  all  of  whom  shall  be  exoerienced  wool  pn)wern,  said  mem- 
l>ers  to  be  appoiiiteil  bv  the  governor  and  to  hol'l  their  office  tor  two  vears,  or  until 
their  successors  are  dufy  ap[)ointed  and  trualified.  They  shall  receivetor  their  serv- 
ices tne  amount  of  (three  dollars)  Rl  per  diem  and  their  actual  traveling  expeniws 
while  tn  attendance  at  meetinRa  of  said  board,  to  be  paid  out  of  the  sheeivinspection 
fund  hereinafter  provided  for. 

Salary,  etc..  of  oheep  Inspector.    ^'^-  ^-  ^he  State  sheep  inspector  who  must  be 

'  '  V       r         "an  expenenceel  wool  grower,  shall  be  appomted 

by  the  governor,  and  shall  hold  office  for  twi>  years,  and  until  his  a' 


appointed  and  qualified.     His  salary  shall  be  (one  thousand  five  hundred  dollars) 
$1^500  per  year,  and  actual  traveling  e.ipeu^es,  which  salary  and  expenses  shall  be 


BUBEAU  OP  ANIMAL  INDOSTRT. 


ii«i»  .^A  >.u.ni.ti»_.  8bc,  i.  The  board  ie  empowered  to  make  rules  and  regn- 
UUies  ana  r^niailOOB  i^tj^ng  j^j.  governing  [tself  and  for  the  enforcement  of  the 
provisions  of  this  act,  and  Ih  authorized  to  adopt  on  behalf 
o(  tfae  State  the  rules  and  regulations  of  the  United  States  Bureau  of  Animal  Indus- 
try, relatineto  the  control  and  suppression  of  diseases  in  sheep,  and  to  cooperate 
with  the  omcers  of  said  Bureau  in  the  enforcement  of  such  rulee  and  rcj^latione. 
The  board  shall  appoint  a  secretary,  pieecribe  hia  duties,  and  fix  his  salary,  which 
ahali  not  eireed  seven  hundred  and  bftydollare  ($750)  per  annum.  The  board  shall 
maintain  an  office,  which  shall  also  be  the  office  of  the  Btate  sheep  inspector.  The 
maintenance  of  such  office  and  the  secretary's  talary  shall  be  paid  from  the  State 
treasury  in  the  same  manner  as  the  salaries  and  expenses  of  State  officers.  The 
board  shall  fix  the  rate  of  tax  to  be  levied  as  provided  for  in  section  5  of  this  act, 
and  shall  send  notice  of  the  same  to  the  county  commissioners  of  the  several  countiea 
in  the  State  on  or  before  the  Ist  day  of  May  in  each  year.  The  board  shall  audit  all 
bills  oi  salaries  and  expense  incurred  in  the  enforcement  of  this  act  that  may  be 
payable  from  the  sheep-inspection  fund,  and,  if  found  correct,  shall  certify  the  same 
to  the  State  auditor,  who  shall  draw  a  warrant  on  the  Slate  treasurer  in  favor  of  the 
party  or  parties  entitled  ttiereto.  The  board  shall  make  an  annual  report  in  writing 
to  the  Bovemor  on  or  before  the  3l8t  day  of  December  in  each  year,  girinc  a  state- 
ment of  the  transactions  of  the  board,  and  facts  relating  to  the  condition  of  thesheep 
industry  in  the  State.  The  board  shall  have  power  to  order  an  inspection  or  quar- 
antine of  any  sheep_  in  the  State,  compel  dipping  at  such  times  and  as  ohen  as  it 
deems  necessary  to  insure  a  suppression  of  scab,  and  divide  the  State  into  such  dis- 
tricts as  may  be  necessary  for  the  enforcement  of  this  act. 

KatA  nf  tMx  ^^'^'  ^'  "^^^  board  of  county  commisaioDeTS,  at  the  time  of  the  annual 
levy  of  taxes,  must,  at  the  request  of  the  board,  levy  the  rate  of  lax 
recommended  by  the  board,  not  to  exceed  four  mills  (4m.)  on  the  dollar  on  all 
sheep  assessed  in  their  respective  counties,  according  to  the  assessed  valuation  of  the 
same,  said  tax  to  be  collected  as  other  taxes  and  paid  to  the  State  treasurer,  who 
must  keep  the  same  in  a  separate  fund,  to  be  known  as  the  sheep-inipection  fund. 
n..«i-.  «#  i.o...*,.-  -.w  -»j  8bc.  6.  TheStateaheepinspectorshallhavechaive 
"''"ti«ii"irA'*i^*?!J  *"*  of  the  enforcement  of  theT^^ioM  of  this  o^ 
powers  or  deputies.  ^^j  ^^  j^,)  ^,^  ^^^  ,^g„iations  made  and  adopted 

by  the  board.  He  shall  appoint  such  deputies  as  may  benecesaan',  by  and  with  the 
consent  oi  the  board;  ana  said  deputies,  before  entering  upon  the  duties  of  their 
offii«,  shall  Ble  a  ixind  in  the  sum  of  (one  thousand  dollars)  ?1,000  for  the  faithful 
performance  of  their  duties,  with  and  to  be  approved  by  the  board.  Such  deputies 
shall  receive  (five  dollars)  (5  per  diem  and  actual  traveling  expenses  incurred  in  the 
performance  of  their  duty,  to  be  paid  from  the  sheep-inspection  fund.  The  State 
sheep  inspector  and  each  deputy  must  keep  a  book,  to  be  known  as  the  inspec- 
tion record,  in  which  they  must  enter  their  official  acts.  Such  record  must  show 
the  name  of  the  owner  of  every  flock  of  sheep  inspected,  the  time  when  the  same 
was  inspected,  the  amount  collected  from  sheep  coming  in  from  other  States  and 
Territories,  and  all  orders  relating  thereto.  They  shall  have  the  ri|;;ht  at  all  times 
to  enter  any  premises,  farms,  fields,  pens,  slaui;;hterhouses,  biiildinss,  or  cars  where 
any  sheep  are  quartered,  for  the  purpose  of  examining  them,  in  oraer  to  determine 
whether  they  are  affected  with  any  infectious  or  contagious  disease. 

Tnanutnrin  «>»<»«  S**"-  ^-  Thc  State  shcep  luspector  shall  [eport  to  the  board  Ifl 
inspector  w  report,  ^^jjinj^  ^s  often  and  at  such  times  as  he  may  be  requested  by 
stud  Ixiard.  The  deputy  inspectors  must  report  to  the  State  sheep  inspector  when- 
ever he  so  requires. 

nntiaa  nt  iionntin.  ^BC.  8.  Each  dcputv  inspcctor  must  iuBpect  all  sheep  within 
unties  01  aepnties.  ^^^^  Jigtrict  assigned  to  him,  when  so  ordered  by  the  State 
sheep  inspector,  and  must  make  and  issue  a  certificate  or  bill  of  h^th  for  all  sheep 
found  free  from  disease,  describing  the  sheep,  with  the  marks  and  brands  thereon, 
which  certificate  shall  entitle  the  owner  or  agent  in  charge  to  pass  with  such  sheep 
from  one  district  to  another  in  the  State. 

Owner  to  report  Inrected  sh«ep.    ?f  v.^  Whenever  any  sheep   shall  become 
r  «^c|r.    ,„{e,;ted  with  scab  or  any  other  infectious  or 

contagious  disease,  the  owner  or  agent  in  charge  must  immediately  notify  the  State 
sheep  inspector. 

Diseased  sheep  to  be  quarantined,    l^-  '^-  When  sheep  are  found  diseased,  or 

•^  ^  have  been  exposed  to  disease,  by  having 

them  corralled,  herded,  or  grazed  in  the  same  place  with  sheep  that  have  been  dis- 
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eased  or  qnonuitiDed,  regulaUone  for  their  ^uarootine  must  be  made  at  once  b^  the 
State  sheep  inapector,  or  one  of  his  deputi(»,  who  must  define  the  pUce  and  Uniita 
within  whii;h  suL'h  sheep  may  be  icrazed,  herded,  or  driven,  and  such  sheep  must  be 
held  in  quarantine  until  pronounce<l  cured  from  disease  by  the  State  sheep  Inspector 
or  one  of  his  dtputiea.  The  expense  of  dipping,  hand  dressing,  epottinn,  feeding, 
and  taking  care  of  all  sheep  quarantined  under  the  provisions  of  this  act  must  be 
paid  for  by  the  owner  or  agent  in  chartje  of  sucli  sheep. 

sii»,...tb.d.„M.  p.™.!...  ^.■;„;!,- ,?i'ors™'2'™iTo'S'^ 

the  board.  Such  dijipinn  shall  be  done  under  the  supen-ision  of  the  State  etieep 
inspector  or  one  of  his  deputies.  The  dip  used  in  sll  cases  must  be  a  lime  and  sul- 
phur din,  or  a  sulphur  and  tobacco  dip,  the  formula  of  each  to  be  as  tollowH: 

1.  A  time  and  sulphur  dip  made  with  8  pounds  of  fresh  time,  and  25  poimdB  of 
flowers  of  sulphur,  or  32  pounds  of  native  sulphur,  to  100  gallons  of  water;  the  lime 
and  sulphur  to  be  boiled  together  for  not  lees  tnan  two  hours. 

2,  i  tobacco  and  sulphur  dip  mode  from  "Scab  cure,"  "Black  leaf,"  or  "Laid- 
law  and  McKill's  Tobacco  Extract,"  to  be  used  in  such  quantities  as  prescribed  by 
diiiections  for  using  such  dips,  with  10  pounds  of  flowers  of  sulphur,  or  24  pounds  of 
native  sulphur,  to  100  gallons  of  water.  Clean,  pure  water  must  be  used  in  all  cases, 
and  the  dip  kept  at  atempetature  from  ItO  to  115  Fahrenheit,  the  sheep  to  be  kept 
in  the  vat  from  two  to  three  minutes:  Pn/vided,  That  if  the  formulas  required  by  the 
Bureau  of  Animal  Industry  of  the  Unit«d  Stales  for  dipping  sheep  shall  be  changed 
hereafter,  that  the  board  may  adopt  the  same  in  lieu  of  the  foregoing  formulas. 

PsMkltT  ^"'^"  ^^"  *°?  person  or  persons  owning  or  having  charge  of  any  dipping 
'■  vat  or  vessel  in  which  sheep  are  dipped,  and  every  owner  of  sheep  or 
agent  in  charge  of  them,  who  shall  refuse  or  neglect  to  dip  all  sheep  in  the  manner 
prescribed  in  the  preceding  section,  or  who  shall  fail  to  observe  any  and  all  rules  and 
regulations  made  and  adopted  by  the  board  in  accordance  with  the  provisions  of  this 
act,  shall  be  liable  to  the  fines  and  penalties  imposed  hereinafter  in  this  act. 

iih__«  k»._~ut  i_t.  ct.t.  Sbc.  13.  When  any  owner  or  person  in  charge  of 
8h«ep  broayht  into  State,  ^heep  desire  to  bring  such  sheep^nto  this  State  fr«m 
an  adjoining  State  or  Terrifoiy,  they  shall  notify  the  State  sheep  inspector  in  writing 
of  sucn  intention  ten  days  before  entering  the  Slate,  stating  the  time  and  place  where 
such  sheep  shall  enter:  Pro<ided,  hoiiwer,  That  [owners  of]  sheep  in  transit  on  the 
cars  shall  not  be  reouired  to  give  such  notice  unless  they  shall  remain  in  the  State  or 
are  unloaded  to  feed  and  rest  for  a  longer  p«dod  than  forty-eight  hours.  The  board 
is  empowered  to  make  rules  and  regulations  governing  the  inspection  and  quarantine 
of  alt  sheep  coming  into  the  State  in  any  manner.  The  inspector  inspecting  any  such 
sbeep,  on  which  taxes  are  not  paid  in  this  Stale,  as  provided  for  in  this  act,  shall  col- 
lect (five  dollars)  (5  per  diem  and  actual  traveling  expenses  while  engaged  in  inspect- 
ing said  sheep  from  toe  owner  or  agent  in  ctiarge  of  tne  same.  Any  sum  so  collected 
must  be  paid  into  the  State  treasury,  to  |je  credited  to  the  sheep-inspection  fund. 

!>.-_■«  »».  ~«-i__i  >__i.Kw  ^1— »  S'c.  14.  In  no  case  shall  any  scabby  sheep 
Pemlt  for  moving  scabby  sheep.    ^  ^^^oved  from  one  point  toanotheF  within 

J'-'-!-'  -,f  {|.(,nj  one  district  to  another,  without  a  written  permit  from  the  State 

e  of  his  deputiei 

•   »    L  ™  lo  oeueve  mat  Bcau  or  auy  oilier  luiectioua 

"*  disease  has  l)ecome  epidemic  among  sheep 

in  any  locality  outside  this  State,  or  that  conditions  exist  in  such  localities  that  ren- 
der sneep  likely  to  convey  disease,  he  maj^  thereupon  by  proclamation  designate 
such  locality,  and  prohibit  the  driving,  shipping,  or  transportation  of  sheep  from 
such  localities  into  this  State,  except  under  such  restrictions  as  he,  after  consultation 
with  the  board  and  the  State  sheep  inspector,  may  deem  proper. 

■>..»<._*  *»  ii„_««.  ■..»^*A..  8bc.  16.  Whenever  any  deputy  inspector  files  in 
Payment  of  deputy  Inspectors,    ^j,^  ^g^^  ^,  ^^^^  gj^,,/  ^„  jj^^^  p^*^^  vouchers, 

duly  approved  by  the  board,  setting  forth:  1.  The  name  in  full  of  such  deputy 
inspector.  2.  Tbe  kind  and  nature  ol  services  rendered.  3.  The  particular  locality 
where  the  work  was  done.  4.  The  length  of  time  employed.  5.  The  numl>er  of 
sbeep  inspected,  and  the  name  of  the  owner  or  person  in  charge  of  such  sheep. 
6.  The  disease  or  diseases  treated,  and  the  numl)eT  treated  for  each  disease,  and  the 
length  of  time  of  such  treatment.  T.  The  amount  claimed  for  such  services.  Then, 
and  in  such  case,  the  State  auditor  must  draw  a  warrant  in  favor  of  such  deputy 
inspector,  payable  out  of  any  moneys  in  the  s beep-inspection  fund. 
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e  punished  bv  a  fine 

p ,, /.  —   ~j   iniDrujonnier'  — ' '— 

months,  or  liy  both  such  flne  aoil  imprisonment. 
SEf.  18.  This  act  ehall  t&ke  efiect  upon  approval- 
Approved  March  9,  1903. 


VERMOST. 

AN  ACT  Cmtlns  a  boanl  of  (vllle  connalniiloiien,  and  to  ileflne  tls  poxers  uid  duUea. 
Il  ii  lifTehy  fiiatied  hy  the  Ofneriil  AiwmlJif  of  the  fHaU  qf  Verm-nit: 
anvsruArln  annntnl  hii.rd  Sechon  1.  The  (tovemor  shall,  in  the  moDth  of 
tlovernor  to  appoint  board.  1^^^,^^,  A.  D.  1902,  appoint  a  Ktate  board  o(  cat- 
tle I'omniimionerB,  conBiiiitinK  of  three  memberH,who  aliall  be  reuidenta  of  this  Btate, 
one  of  whom  ehall  be  a  pr&ctical  farmer,  who  shall  be  secretary  of  said  bo«rd,  and 
the  remaining  iiiem1>erK  shall  l)e  firaduateB  of  some  reputable  veterinary  coIIk^. 
One  shall  1)6  animinted  for  one  year,  one  for  two  yeani,  one  for  three  years.  The 
terni  of  office  oi  eaoh  of  said  nienil)ers  shall  commence  on  the  first  day  of  January, 
A.  D.  1903,  and  the  governor  fhall  thereafter  annually  appoint  one  member  of  said 
board  to  sncreed  the  nienilier  who^e  term  shall  expire  on  the  first  day  of  Januarv 
following.    The  governor  shall  alao  fill  all  vacancies  which  shall  oi-curin  said  board. 


r»».._4i_.  ._i».i«  ■_>»  tn.*n  Sbc.  2,  The  importation  of  cattleor  other  domee- 
Imporliug  uinialB  Into  State.  ,5^  .ni„,aiB,  eicept  calves  under  four  months 
old,  Bheep.  and  homes  not  suspected  or  known  to  iiediseaeed,  into  this  Rtateia  hereby 
prohiliiteil  until  the  board  of  rattle  commissioners  have  been  notified  and  thear- 


nkala  shall  have  been  quarantined  for  such  a  time  as  in  the  judgment  of  said  board 
the  public  good  re<[uires,  and  examined  by  a  member  of  auid  Ixiard  and  tested  with 
the  tul)errulin  teat  and  pnmouiiced  free  from  tuberculosis  or  any  other  contafrioiia 
disense;  but  nothing  in  this  section  tihall  be  construed  to  apply  to  a  person  trans- 
porting cattle  through  the  State  on  the  cars,  or  to  a  person  living  near  the  State  line 
and  owning  land  in  adjoining  StatCH  and  who  drives  the  same  cattle  to  and  from  the 
said  laud  to  have  them  examined  ur  tested. 

P  tiaHr  ^^*'-  ^-  -^"y  person  bringing  cattle  or  other  domestic  animals  into  this 
renaiiy.  g^,^  contrary  to  the  provisions  of  the  prece<ling  section  shall  be  fined 
fifty  dollars  ($oU)  for  each  offense,  and  such  importation  of  each  separate  animal 
shall  constitute  a  distinct  offense. 

n__._  ~.w  »»>if.  hn—j  nr    Sbc. 4.  Anvpereouwhoknonsorsusnecta  thatbovine 
VnSed  dtt  tubercilosiV,  or  any  other  con.agiou^«Xease,  exists 

B«B|)rrieuuiBcaBF.  gniong  his  cattle  or  other  domestic  animals  may,  at 


hia<liscretion,  notify  the  board  of  cattle  commissioners,  and  the  said  l>oard  shall,  aaeoou 
as  possible,  make  a  thorough  phyficat  examination  of  said  animals,  and,  if  it  deem 
necessary  to  a  thorough  investigation  of  the  case,  may  apply  the  tuberculin  t«Bt,  and 
if  the  said  animals  are  found  to  have  a  contagious  disease,  shall  cause  them  to  be 
kille<l  forthwith  and  the  bodies  examined  and  the  barns  o(  the  owner  to  be  thor- 
oughly disinfected.  The  expense  of  slaughtering  and  disinfecting  shall  be  paid  by 
the  owner;  and  further,  the  said  Ixnrd  of  cattle  commissioners  knowing  or  hearing  of 
any  epidemic  contagious  dioease  among  aniuialf  domestic  in  the  State  of  Vermont, 
shall  immediately  ascertain  if  anv  such  epideniicdiseBBeexistM,and  if  so  found  shall, 
in  their  judinuent,  tjuarantiiie  the  herds  of  domestic  animals  where  such  euideinic 
prevails,  and  shall  take  such  measures  for  its  extermination  as,  in  their  juagment, 
the  public  goo<l  may  require;  Imttlieforegoiugshall  not  be  construed  so  as  to  include 
tubercul<isis  as  an  e|)ideinii-  disease. 

Aunraiaal  of  alanrhtered  animals  ^^-  ^-  '^^^ ^'"'"*' **' ""  ''"*"*' ^^ "'*•*''  ''«'"**■ 
Appraisal  01  Bian^niereo  anitnais.    ,j^  Hnimals  killed  by  onler  of  the  board  of 

cattle  connnissioners  shall  1>e  appraised  by  two  disinterested  [lersons,  one  to  be 
selected  by  the  member  of  the  Iwianl  in  charge  and  one  by  the  owner  of  the  cattle, 
and  if  these  two  can  not  agree  upon  the  amount  of  the  appraisal  they  shall  select  a 
thinl  disinterested  person,  who,  together  with  them,  shall  appraise  the  animals, 
such  appraisal  to  be  made  juHt  ]>efore  killing,  and  the  amount  to  be  as  near  as  possi- 
ble their  actual  value,  but  in  no  case  shall  the  value  of  a  diseased  animal  exceed  the 
sum  of  fifty  dollars  ($50).    The  owner  of  the  animal  shall  receive  eighty  per  cent  of 
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the  appniaal  and  in  addition  the  hide  of  the  elaughteretl  anijiiul,  the  cfocem  of  which 
shall  he  buried. 

Within  sixty  days  of  the  date  of  the  elaughter  of  said  animals  the  amount  which 
the  owner  isentitled  to  receive  ehall  be  paid  by  the  State  to  the  owneroftnich  animal 
upon  the  written  order  f>it^ed  by  the  meniber  of  the  board  in  char^  and  counter- 
signed by  the  secretary  of  said  board.  No  indemnity  Nliall  lie  Jjaid  to  llie  owner  of 
condemned  cattle  or  other  domestic  animals  that  have  not  been  owned  or  liept  in  the 
State  for  at  least  fix  months  previous  to  the  discovery  of  the  diseane,  unleex  xuch 
animal  shall  have  been  at  the  time  of  importation  examined  in  accordance  with  the 
provieioDS  of  this  act  and  pronounceil  free  froui  diseat*e. 

for  Belling 

animals.  ,^  iiifecte<l  with  b<>vine  tubertnil<isiH  or  any  "iher 

contatfiouB  disease,  or  any  diaease  donfcerous  to  public  health,  or  shall  sell  or  offer  to 
sell  any  part  or  parta  of  such  cattle  or  other  domestic  aiiitnali<,  except  their  Kkins,  he 
shall  be  fined  not  more  than  two  hundred  dollaiB  (8200),  or  be  imprisoned  not  more 
than  one  year,  or  both. 

f«__~_.i..tt«-«.f  »._h._.,  .r  K.,.._j  Sbc.  7.  Each  member  of  the  board  of  cattle 
Compenaatlon  Af  mpmMrgoi  Dosra.  ™,nimisMionerH  shall  receive  fur  his  servife 
three  <lollars  ($8)  for  each  day  actually  spent  in  the  performance  of  his  duties  un<ler 
the  provinons  of  this  act.  an<1  shall  receive  also  his  actual  expenses.  Al' 
said  board  shall  be  audited  by  the  ^tat«  auditor  and  paid  by  the  Stale. 

Pr<«,^atl...  n.„,t  b.  m.d.    Si.'-.^l'hE'^S 
within  SIX  moDthB. 


■>«._j  i«  -...«_*  .^i^iH.ii^    Sec.  9.  The  board  shall  keep  a  reconlof  iti<  doinraand 
Board  lo  report  amniBlly    ^^^  ^j,^  ^,„^  ^^  ^^,^  Kovemor  prior  to  the  fifteenth 
''  '  day  of  Septenit>er  annually,  unlesf  sooner  rei[uired. 

RoiwallnB'  oUnu  ^^-  ^'^-  Sections  4R09  to  4820,  inclusive,  of  the  Vermont  Stat- 
a,cp<s»iiag  CIBUM-.  ^^^^  ^j  ^j,  ^,|j^|.  ^^^  ^^  p^^^  ^f  ^^  incOTisiatent  with  this 
act,  are  hereby  repeaW. 

Hbc.  11.  This  act  shall  take  effet^t  from  its  paosage. 

Approved  Deceml)er  10,  1W2. 

AN  ACT  Tu  pIDtecl  the  shippen  o[  oatlle  tiom  VenDont  lo  MsfiurhuHetU,  uiil  k1»  bulchen  alaugh- 
teriiic  cstna  In  Vermont. 

It  i«  hfrebi/  etioete'l  by  tlie  Oentral  Attemltltj  iif  Iht  SUiU  of  Vemumt: 

Section  1,  A  person 'shipping  cattle  subject  to  a  tuber- 
culin fctit  to  an  v  of  the  three  (|ua»ntine  stations.  Water- 
town,  Somerville,  or  Brighton,  or  any  other  city  or 
town  in  Massachusetts  which  does  not  accept  a  Vermont  test,  may,  if  any  of  said 
cattle  respond  to  said  tei>t,  and  if  the  Massachusetlfl  board  of  cattle  cominissioneTs 
condemn  or  refuse  to  accept  them,  sell  such  condemned  cattle  tor  the  highest  [irii-e 
obtainable  under  the  Masaachusetts  filiations,  and  rejiort  in  writinft  to  the  board 
of  cattle  commissioners  of  Vermont  within  twenty  days  from  shipment  from  this 
State,  stating  when  such  cattle  were  phipped  from  Vermont,  the  person  or  perxoRS 
from  whom  purchased,  the  amount  i>aid  for  the  same,  the  amount  received  when 
sold  in  Matisa<'husetts,  the  number  of  each  animal  oh  shown  by  a  tag  In  the  ear  of 
such  animal,  which  shall  have  been  placed  there  before  the  animal  left  the  Stale  of 
Vermont,  which  must  a^tree  with  a  record  kept  by  the  person  Bhipiiiiig,  and  such 
other  information  as  may  l>e  requiroil  by  said  Vermont  board  of  i«ttle  commissioners. 
Roonnl  IVnm  M>sa..knaatt.  ^^-  2.  I'p'in  the  rejection  of  any  cattle  by  the 
Soritffr  Maw^chu^its  cattle  «.mmissioner^  the  <^ttle  <y>m. 
■Dinorities.  miwionen.  o(  Vermont  shall  request  the  cattle 
commi-isionera  of  Massachusett:^  to  fill  out  a  ccrlilii'ate  showini;  the  number  and 
dew.'ription  of  such  animal,  name  of  shipricr,  and  cause  of  rejection,  and  return  the 
same  to  the  board  of  cattle  CI  '" * 


r<iini>a....ti««  t~  .ki»~~_  *^EC-.  3.  Afterniakinea  report  as  provideil  tor  in  section 
Compensation  to  shipper.  „„g  ^f  ,^,i^  ^^^  ,^  jj,"  satisfaction  of  the  A'ermont  board 
of  cattle  commissioners,  the  shipper  whall  he  entitled  to  ^e^■ei^■e  eighty  per  cent  of 
the  purchase  price,  less  the  amount  received  for  said  cattle  in  Massachuei'ttp,  hut  in 
no  case  shall  the  eighty  jier  cent  be  reckonedonasumgreater  than  fifty  dollars  ($.W). 


44  BDBEAir   OF   AHTSLAL   IMDUSTET. 

Rntohnrii  in  ivnnpt  oauii  nt    ^"^-  *■  *'^?  person  who  slaughters  in  this  State  any 
";bt™?o°.t"""  °'    »''1»  I«'¥"f  '■>  '•'".  i"  S"  SMe  within  ,.„.J 

naye  previoue  to  such  Bkiight«r,  and  finds  the  same 
to  be  (lieeased  with  tuberculoais,  may  report  in  writine  within  five  days  from  time  of 
slauKhter  to  the  board  of  oattlc  com  mission  em,  BtAtmfr  when  a:id  from  whom  the 
cattle  were  bought,  price  paid,  and  such  other  information  as  may  be  required  by 
the  said  board  of  cattle  commisMioners,  and  after  making  such  report  such  person  shaH 
be  entitled  to  receive  eighty  per  cent  of  the  purchaae  price,  but  in  no  case  shall  the 
eighty  per  cent  be  reckoned  on  a  sum  (greater  than  fift^  dollars  (CoO) ,  Cattle  found 
diBeasedwith  tuberculoais  under  provisions  of  this  section  shall  be  diapoeed  of  at  the 
expense  of  the  owner  in  accordance  with  such  regulations  ae  the  cattle  comminioners 
may  make,  but  the  owner  shall  have  the  hides. 

PBTinnnt  in  nwnoni  within    hItIt    Sbc.  5.  Within  silly  days  ofreceiptof  report 
rayment   to   owners   within    slity     .      ^.         ^    commissionere.  in  kccordince 


J     -  ■      by  the  cattle  commigsionere,  in  accordance 

'  with  sections  one  and  four  of  this  act,  the 

amount  which  the  owner  of  the  condemn(:d  cattle  is  entitled  to  receive  under  provi- 
sions of  those  seotions  shall  be  paid  by  the  State  to  the  owner  of  such  cattle  upon  a 
written  order  signed  by  the  member  of  the  board  in  chat^fe  and  countereijpied  by 
the  secretary  of  the  board. 

Penalty  for  making  false  report.    ^'^■,*^-  Any  pereon  who  knowingly  inakee 
'  "  "^  a  false  report  to  the  cattle   commissioners 

in  any  particular  in  carrying  out  the  provisions  of  sections  one  and  four  of  this  act 
shall  be  fined  not  less  than  otic  hundred  ($100)  or  more  than  two  hundred  dol- 
lars ($200)  for  each  offense.  All  prosecutions  for  violation  of  the  provisions  of  this 
'it  shall  be  commenced  within  one  year  from  the  commission  thereof,  and  jueticvfl 

i  the  peace  shall  have  concurrent  jurwdiction    '    " " j-    ■■  ■ 

Bbc.  7.  This  act  shall  take  effect  January  1,  1 
Approved  December  12,  1902. 


WASHINGTON. 

AN  ACT  ProhibidrBthelmportationfifhorsa,  cattle,  and awine,uDlemBcoomMinledby»Mrtlfli»le 
of  healtb  anil  permit  from  gome  official  reterlnBrian.  eicepllna  aulmals  Intended  for  exhltiltlng': 
providing  for  Iti  enforcement,  nnd  tiling  a  peoalt;  for  Itfl  violatibn. 

Bf.  il  etiacUd  by  Ihf.  Leyidature  of  the  State  of  Wa*hinffton: 
i«n«..ioj  ._i.n,.i=  _«at  K^  »w«.=    Sbction  1.   That  it  shall  be  unlawful  to  brintt 
Imported  animals  ^Mt  be  free     .^^^  ^^^  ^^^^  ^,  Washin^n  any  horses,  ^ttle! 
rrom  cerUln  «lMM«e.  ^^  ^-^^^  f^^  ^^^^^  feeding,  breeding,  ir  dairy 

Eurposes:  Promded.  honrever,  That  shipments  of  horses,  cattle,  and  swine  may  M 
rought  into  the  State  of  Washington  after  said  horses,  cattle,  and  swine  have  oeen 
examined  and  found  free  from  the  following  contagious  diseases:  Glandere,  farcy, 
tuberculosis,  actinomycosis,  rinderpest,  toot  and  moutti  diseases,  contagious  abortion, 
conta^oua  keratitis,  scabies,  maladie  du  coit,  swine  plague,  and  hog  cholera,  and  a  bill 
of  health  and  a  permit  given  by  a  State  veterinarian,  an  assistant  State  veterinarian,  a 
■veterinarian  of  the  United  States  Bureau  of  Animal  Industry,  or  by  a  veterinary  acting 
under  the  order  or  direction  of  the  live  stock  sanitary  board  of  any  State:  Promdtd, 
That  in  the  case  of  cattle  over  six  months  of  age  to  be  used  for  breeding  or  dairy  pur- 
poses, the  nonexistence  of  tuberculosis  shall  have  been  determined  by  the  tuberculin 
test  and  certified  to  by  the  veterinary  issuing  the  above-mentioned  certificate  of  health 
and  permit;  the  certificate  of  health  and  permit  given  by  the  alM)ve-mentioned  veteri- 
narian shall  be  given  in  duplicate,  the  original  of  which  shall  be  forwarded  to  the 
Slat«  veterinarian  of  Washington  and  the  duplicate  given  to  the  railroad  or  transporta- 
tion company  to  l)e  attachetl  to  the  bill  of  lading  for  said  animals;  and  no  railroad  or 
transportation  company— which  is  meant  to  include  boats,  ferries,  and  bridges — shall 
accept  any  such  animals  for  shipment  into  the  State  of  Washington  tor  work,  feeding, 
breeding,  or  dairy  purposes  without  the  bill  of  health  and  permit  therein  provided 
for,  and  no  railroad  or  transportation  company  shall  accept  from  its  connecting  lines 
any  animals  shipped  in  violation  of  this  act. 

Animals  for  exhibition  are  exempt    ^^-  ^    '^"™"?  ^^^^^  \r^\a\h^  State  for 
..>>.».>.;  i^Acuiiii,     j.|jg  purpoae  of  exhibition  at  town,  oonnty, 

district,  or  Stale  fairs  shall  not  be  subject  to  above  rOTilations:  Provided,  howrvrr. 
That  in  event  of  sale  being  ma<ie  from  such  exhibition,  llie  animal  sold  shall  be  sub- 
mitted to  examination  by  the  State  veterinarian  oi  

be  subject  to  the  rules  aitd  regulatio. 
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PI,  6m.  3.  All  railroad,  live  stock,  transporution,  and  Mock  yard  conipaiiie« 
'•  and  their  employeea  and  all  other  peraons  ate  hereby  fomidden  to  brinf; 
horses,  cattle,  and  awine  into  the  Btate  except  in  compliance  with  the  [oreKoing  rega- 
ladouB,  and  any  violation  of  the  same  will  constitute  a  miedeme&uor  and  Iw  punished 
accord]  nffly. 
-Approved  March  16,  1903. 


AM  ACT  To  uuenil  wctlciii  S,  chapter  440,  of  Ihe  iHwn  nf  Winconilii  ol  leoi,  telaOng  to  the  >IaU(bMr 
Mid  ftppnlBEment  of  uilniaK 

The  People  of  the  Stale  of  Himwuin,  repretenUd  in  Smote  and  Atnemlily,  do  enact  om 

i_.~.i_.->  ti  i._  ^r  lOAi  Sbction  1.  Section  3  of  chapter  440  of  the  laws  of 
Amendment  to  Uw  of  1901.  Wisconsin  of  1901  ie  hereby  amended  by  inBertinp 
after  the  words  "town  boan!,"  in  the  23rd  line  thereof,  "or  the  Stale  velerinarian  or 
mber  of  the  live  stock  Ranitary  board,"  bo  that  said  section, 
when  amended,  xhall  read  as  follows:  Sections.  When- 
ever the  owner  shall  not  exercise  option  and  it  shall  be 
deemed  necessary  by  the  board  to  alaoghter  diseased 
animals,  written  notice  shall  be  given  to  the  owner,  faia  agent,  or  the  person  in 
char^  of  such  animals,  and  to  a  justice  of  the  peace  in  the  county  in  which  the 
animals  ma^  be,  of  the  purpose  to  order  the  slaughter  thereof,  giving  the  number 
and  description  of  tlie  animals,  and  the  name  of  the  owner,  if  known.  Such  notice 
shall  be  etitered  on  the  docket  of  iiuch  justice,  who  shall  immediately  thereafter 
summon  such  owner,  agent,  or  ])oe8e»«or,  and  also  three  disinterested  citizens  of  the 
county,  not  residents  of  the  immediate  neighborhood  in  which  such  animals  are 
owned  or  kept,  to  appraine  the  value  thereof.  Such  appraisers  ehall,  before  entering 
upon  the  diiwharge  of  their  duties,  be  sworn  by  such  justice  to  make  a  true  appraiae- 
ment,  without  prejudice  or  favor,  of  the  value  of  such  animals,  and  they  shall  certify 
in  their  return  that  they  have  seen  the  appraised  animals  slaughtered.  In  inaking 
the  appraisement  of  diseased  animals,  the  appraisers  shall  determine  their  value 
in  the  condition  in  which  they  are  found  at  the  time  of  appraisement;  hut  the 
appraised  value  of  no  single  animal  shall  exceed  filty  dollars  (S50).  If  such  appraised 
animals  are  slaughtered,  said  slaughter  shall  be  made  under  the  direction  of  the  local 
health  officer,  or  the  chairman  of  the  town  board,  or  the  State  veterinarian,  or  his 
aMiistant,  or  any  member  of  the  live  slock  sanitary  board.  The  owner  of  slaughtered 
animals  shall  receive  no  compensation  for  the  fame  until  the  live  stock  sanitary 
board  is  satisHed  that  the  infected  premises  have  been  disinfected  in  such  a  n 
as  to  prevent  the  further  spread  of  dif^ease. 

Sec.  2.  This  act  shall  take  effect  and  be  in  force  from  and  after  its 
publication. 
Approved  March  21,  1903. 

AN  ACT  tiovemlng  the  Importation  of  brandtnl  or  rsnjie  n  exlem  homen 


hi  .r-Vitiud  k.,  ...  r.,J.v,u.iA-  ineMaieoi  vrisconsin  a 

be  eertlfled  by  an  Inspector.         ^^  ^^^^  ^„,^  ^^^  ^ 

by  a  certificate  of  inspection  made  by  a  duly  iiualiried  veterinary  surveon  wlio  is  a 
graduate  of  a  recoeniied  veterinary  college  in  the  United  States,  Canada,  or  Europe, 
which  certificate  shall  show  that  at  the  time  of  said  inspection  the  horses  so  inspected 
were  free  from  glanders  and  farcy,  infectious  mange,  or  any  other  disease  of  a  conta- 
gious malifinant  character.  This  inspection  shall  dc  made  at  the  last  loading  p'.ace 
belore  entering  the  State,  except  in  the  case  where  animals  are  <lriven  into  the  State, 
when  ^e  examination  shall  be  made  at  the  first  stopping  place  within  the  State. 
«..*i...j  «r«_>,._i..     ....-tin..!  •      Sec.  2.  The  inspector  shall  prepare  certificatea 

one  to  the  transportation  company  hauling  said  horses,  and  one  to  be  forwaiiled 
immediately  to  the  State  veterinarian  at  Madison,  Wisconsin.  Said  certificate  shall 
state  that  sud  inspector  has  carefully  examineil  all  such  animals  for  glanders  or 
farcy,  lulectious  mange,  or  any  other  disease  of  a  contagious  malignant  character, 
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and  has  found  the  same  to  be  enlirel^r  free  from  all  each  diseasee.  The  certificates 
(■hall  further  Bt«te  the  number  of  the  i»r  or  cars  containing  such  animals,  the  initial 
letters  of  the  railway  owning  the  car  or  cara,  the  number  of  horeea  in  each  car,  the 
name  of  the  shipper,  and  the  destination  of  the  car  'it  cars,  and  the  name  of  the  rail- 
road hauling  such  car  or  car?,  and  shall  lie  duly  si^cned  iiy  and  sworn  to  before  a 
notary  public  or  a  justice  of  the  peace  by  the  jiersod  making  such  inspection.  The 
expenses  of  such  inspet'tion  ajid  certificate  shall  Im^  paid  by  the  owner  or  shipper  of 
8aid  horses. 

ii>.~..o  «.t»-i.-  _(«■.«««  ._- tifl~i>«_  8«^-  3.  In  case  any  surJi  horses  shall  be 
Horses  enteriBf  wtthout  certlBMte    ^        j^   .       ^.   g^       .^       ^     j^i 

mnet  be  quarantined.  „^  ^^^^  .^  ^^       „f  jl,^  ^^^  havingTn 

his  pOBsesBion  a  certificate  as  provideil  in  section  one  of  this  act,  showing  all  such 
horeen  to  be  free  from  such  diseaiies,  the  local  health  officer  shall  immediately  quar- 
antine the  yards  containine  such  animals  and  at  once  notify  the  State  veterinarian, 
who  shall  icnraeiliately  authorize  an  exainination  of  said  animals  by  a  competentand 
duly  qualified  veterinary  surgeon.  If,  aft«r  such  examination,  the  said  animals  shall 
be  found  to  he  free  from  disease,  the  same  shall  be  released  upon  payment  of  the 
expenses  of  such  quarantine  and  examination  as  herein  providc<l.  If,  npon  sucti 
examination,  said  animals,  or  any  of  them,  shall  be  found  diseased  with  g&ideis  or 
farcy,  infectious  mange,  or  any  other  disease  of  a  contapiuus  malignant  I'haracter, 
then  and  in  such  event  the  Wiwxinsin  live  stock  sanitary  board  shall  quarantine 
such  animals  or  cause  the  same  to  l>e  slaughtered,  as  is  provided  in  cliapter  440  of 
the  laws  of  Wieconsin  of  1!K)1,  except  that  in  no  event  shall  the  owner  or  shipper 
of  such  animals  receive  any  indemnity  in  cai«  such  animals  are  killed  under  the 
direction  of  said  board.  The  expenses  of  such  quarantine,  examination  of  said  ani- 
mals.andsuiieequent  disinfection  of  quarantined  yard>*  where  dieeaee  is  found  present, 
shall  be  paid  by  the  owner  or  shipper  of  said  horses. 

thereof  as  provided  in  section  one  of  this  act,  and  the  owner  or  shipper  thereof  shall 
have  a  certificate  of  insi^ction  as  therein  provided  tor,  showing  the  said  horses  to  be 
tree  from  any  such  disease,  and  it  shall  come  to  the  knowledge  of  the  Wisconsin 
live  stock  sanitary  iKtard  that  said  horses  are  suspected  of  bein^  affected  by  diseases 
as  specified  in  this  act,  then  it  shall  be  the  duty  of  the  Wisconsin  live  stock  sanitary 
board  to  fully  anil  carefully  examine  said  horses,  and  if  it  shali  be  found  and  deter- 
mined by  the  said  board  that  the  said  horses  were  diseased  at  the  time  they  were 
brought  into  this  State,  then  the  said  board  shall  proceed  to  ditniose  of  said  norse« 
as  provided  in  chapter  440  of  the  general  laws  of  l»01.  But  if  the  same  are  killed 
as  therein  provided  no  indemnity  shall  he  paid  to  the  owner  of  said  horses,  it  the 
saiil  disease  existed  at  the  time  the  horses  were  brought  into  this  State,  and  the 
determination  ot  the  eaki  Wisconsin  live  stock  sanitary  board  shall  be  prima  facie 
evidence  upon  that  question. 

».-    I  =..  „•!»..  -..««—.,  f  .  t».B     Sec.  5.  In  case  horses  billed  for  points  beyond 
>•  '°*P«"*»  "J*^^'^'"'-  *«""-    the  State  a«>  unloaded  in  the  StiS  for  tending 
porary  stoppages.  purposes  for  a  period  not  exceeding  forty-eight 

hours,  it  shall  not  be  necessary  to  make  such  insi>ection  as  above  stated. 
Pe«.lt,  ror  nnloidln;  horua  not    Sk.  •■  T™.,»rlallon cornp.nlMunlo.ding 
'  certified  branded  or  western   range   horses   fn  this 

State,  which  are  not  accompanied  by  a  cer- 
tificate of  inspection  as  above  designated,  except  as  provided  in  section  5,  shall  be 
subject  to  a  mnalty  ot  not  les.^  than  one  hundre<l  dollars  (SlOO)  nor  more  than  two 
hundred  dollars  ($200)  for  each  car  so  unloaded  in  this, State,  such  penalty  to  be 
recovered  at  the  suit  of  the  State,  brought  by  the  attorney  general. 

P.n.ltr[ordrl,ln«  iigc(.r«I.d  Hon..    ?'f-  J:  *S  'TT,  '*'"'",  »"S 
Into  Mate  State  brande<l  or  western  range 

horses  that  are  not  accompanied  by  a  cer- 
tificate ot  inspection  as  hereinbefore  provided  shall  be  deemed  jjiiilty  ot  a  misde- 
meanor, and  upon  conviction  thereof  snail  Vie  punished  by  a  fine  of  not  less  than  oue 
hundred  dollars  (tlOO)  nor  more  than  two  hundred  dollars  (?200). 

Sec.  8.  This  act  shall  take  effect  and  he  in  force  from  and  after  its  passage  and 
publication . 
Approved  May  6, 1903. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Aqhicultukb, 

Bdbbao  or  Anmal  Industry. 

Wmhingtm,  D.  C,  March  1, 1903. 
Sir:  I  have  the  honor  to  transmit  herewith  for  publication,  as  Bul- 
letin No.  55  of  thia  Bureau,  a  compilation  by  Maj.  Henry  E.  Alvord, 
Chief  of  tlie  Dairy  Division,  of  the  principal  statistics  relating  to  the 
dairy  industry  of  this  and  other  countries.  The  development  and 
magnitude  of  this  branch  of  agriculture  are  thus  shown  better  than  by 
any  available  publication,  and  the  information  is  such  as  is  needed,  not 
only  by  dairymen,  but  by  the  many  other  persons  whose  business  is 
closely  related  to  the  dairy  industry. 

The  illustrations,  which  consist  of  five  diagrams  and  four  maps,  are 
necessary  to  an  understanding  of  the  text. 

Very  respectfully,  D.  E.  Salhon, 

Ch  ief  of  Burea  u. 
Hon.  Jabieb  Wilson, 

Secretart/  q/"  Agrietdture. 
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LETTER  OF  SUBMITTAL 


U.  S.  Department  of  Agriculture, 
Bureau  of  Animal  Industry,  Dairy  Division, 

Waskingtaii,  D.  C,  FSruary  25,  1903. 
Hir:  I  have  the  honor  to  submit  herewith  for  publication  a  compi- 
lation of  the  principal  statistics  relating  to  the  dairy  industry  in  Uie 
United  States,  together  with  some  similar  data  from  other  countries. 
A  part  of  the  figures  thus  brought  together  are  easily  found,  but, 
on  the  other  hand,  many  of  them  are  inaccessible  to  people  generally. 
It  is  believed  that  the  collection  as  presented  will  prove  interesting 
and  useful  to  many  persons  connected  with  dairying  and  form  a  suit- 
able complement  to  other  publications  prepared  by  this  division. 

The  tables  arc  preceded  by  a  discussion  of  the  subject  and  accom- 
panied by  maps  and  diagrams  which  serve  to  illustrate  parts  of  the 
text. 

Yours,  respectfully,  Henry  E,  Altord, 

Chief  of  Dairy  Divisiori.. 
Dr.  D.  E.  Salmon, 

Chief  of  Bureau  <f  Animal  Industry. 
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STATISTICS  OF  THE  DAIRY. 


By  Henry  E.  Alvoed,  G.  E., 

Chief  of  Dairy  Dirigion,  Bureau,  of  Animal  Industry. 


A  STATISTICAL  REVIEW  OF  THE  CENSUS  RETURNS. 

The  latest  available  statistics  of  the  dairy  industry  in  the  United 
States,  considered  as  a  whole,  are  mainly  included  in  the  Twelfth  Cen- 
sus. For  a  comprehensive  study  of  the  subject  one  must  brin^  to- 
gether some  tables  in  the  volume  for  agriculture  and  others  from  that 
for  manufactures.  Unless  acquainted  with  the  matter,  there  is  the 
liability  of  omitting  items  of  importance.  There  are,  in  addition, 
some  reliable  and  interesting  data  more  recent  than  the  United  States 
Census,  obtainable  from  State  authorities,  although  relating  to  a 
comparatively  few  States;  and  there  is  also  statistical  information 
concerning  the  dairy  in  foreign  countries  which  has  some  influence 
apon  the  industry  in  the  United  States  and  which  is  useful  for  purposes 
of  comparison. 

All  of  these  statistical  data  have  been  brought  together  and  will  be 
found  in  the  following  ipttgca,  arranged  in  a  manner  convenient  for 
practical  use.  The  Hgui'es  for  earlier  decades  are  given  in  connection 
with  the  latest,  and  some  general  farm  statistics  are  added  which  have 
a  bearing  upon  the  dairy  industry  or  show  its  position  with  relation  te 
other  branches  of  agriculture. 

It  should  be  noted  that  in  census  statistics  all  enumerations  of  per- 
sons, farms,  animals,  ete.,  are  for  June  of  the  year  stated,  while  the 
figures  for  products  of  all  kinds,  although  often  mentioned  in  the 
same  connection  and  sometimes  as  being  for  the  same  year,  actually 
represent  the  returns  for  the  agricultural  year  next  preceding. 

DAIRY   FARHB. 

The  Twelfth  Census  reports  that  in  the  year  1900  there  were 
6,739,657  farms  in  the  United  States,  and  of  these  4,514,210  had  dairy 
cows.  Where  a  farm  was  found  upon  which  at  least  40  per  cent  of  the 
\'alue  of  annual  products  was  from  dair}'  products,  it  was  classified  as 
a  dairy  farm.     Of  the^e  there  were  357,571^,  or  (!. 2  per  cent,  of  the  total 
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nnmber,  and  the  average  size  of  these  dairy  farms  was  121  acres. 
One-sixth  of  the  number  ranged  from  20  to  50  acres;  one-fourth  of 
all,  50  to  100  acres;  and  rather  more  than  one-fourth,  100  to  175  acres. 
There  were  174,910  "dairy  farms"  in  the  North  Atlantic  States; 
108,108  in  the  North  Central  Division;  34,940  in  the  South  Central; 
27,620  in  the  Western;  11,671  in  the  South  Atlantic  Division,  and  34 
in  Alaska  and  Hawaii. 

DAIRT  COWB  AND  OTHER  HEAT  CATTLE. 

All  dairy  statistics  must  be  based  upon  the  number  of  cows  con- 
tributing to  the  milk  supply.  The  activity  of  dairying  and  the  com- 
parative importance  of  the  industry  in  any  country  can  be  primarily 
determined  by  the  ratio  which  the  number  of  dairy  cows  owned  bears 
to  the  total  of  other  neat  cattle.  But  the  reliability  of  this  test 
depends  upon  the  accuracy  with  which  the  different  kinds  of  cattle 
Itave  been  enumerated  and  classi6ed.  The  next  significant  indication 
IB  the  ratio  of  cows  to  inhabitants.  The  "  milch  cows"  of  the  United 
States  were  first  counted  by  the  Sixth  Census  (1840)  and  reported 
as  being  4,837,043  in  number,  or  283  for  every  1,000  of  the  popula- 
tion. The  enumeration  has  been  made  decennially  since  that  time, 
with  probable  varying  degrees  of  accuracy.  The  ratio  of  cows  to 
1,000  people  has  appeared  to  be  fairly  constant,  as  follows:  In  1840, 
283;  1850,  275;  1860,  273;  1870,  232;  18S0,  24«;  1890,  264;  1900,  237; 
average  of  the  ratios,  259. 

The  variations  are  easily  accounted  for.  The  sudden  decrease  from 
1860  to  1870  resulted  from  losses  incident  to  the  Civil  War,  and  it 
required  another  decade  to  restore  the  normal  ratio.  The  ratios  in 
1890  and  1900,  when  compared  with  those  of  1850  and  1860,  signify 
improved  productiveness  of  the  average  cow,  especially  so  as  there 
is  reason  to  r^ard  the  number  for  1880  as  too  great;  and  explanations 
which  soon  follow  indicate  that  the  same  applies  to  1890.  The  average 
of  the  stated  ratios  for  sixty  years  (259  cows)  is  therefore  probably  too 
large.  Fast  errors  in  this  matter  have  been  mainly  due  to  the  uncer- 
tainty of  deciding  what  was  a  "  milch  cow."  This  term  has  been  too 
broad  and  indefinite,  and  has  led  to  including  many  under  this  bead 
which  were  in  no  sense  dairy  animals.  It  i»  easily  understood  that 
the  average  dairy  cow  of  the  country  has  been  steadily  gaining  in 
yield  of  milk,  and,  although  the  consumption  of  dairy  products  per 
.  capita  has  doubtless  somewhat  increased  also,  it  nevertheless  requires 
a  less  number  of  cows  to  supply  a  thousand  people  now  than  was  neces- 
sary thirty,  forty,  or  fifty  years  ago. 

The  enumeration  of  cows  for  the  Twelfth  Census  has  been  made 
with  greater  care  than  ever  before.  The  farm  schedule  called  for 
"cows  kept  for  milk,"  and  it  is  believed  that  this  secured  practically 
all  animals  on  faring  that  could  fairly  be  regarded  as  dairy  cows  and 
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excluded  those  properly  belonging  in  other  classes.  The  result  was 
that  17,139,674  cows  over  2  years  old  were  reported  as  kept  for  milk 
on  4,514,210  different  farms.  (It  is  interesting  to  note  that  1,225,447 
census  "farms,"  or  over  21  per  cent  of  the  total  number,  reported  no 
cows  kept  for  milk.)  The  cowa  not  on  farms  or  ranges,  or  what  may  be 
called  the  "town  cows,"  were  counted  in  1900  for  the  first  time  and, 
surprisingly,  found  to  number  973,033,  or  5^  per  cent  of  our  entire 
milking  stock.  The  whole  number  of  what  may  be  considered  dairy 
cows  in  the  year  1900  was  therefore  18,112,707.  This  is  believed  to 
be  more  nearly  accurate  than  any  previous  enumeration  of  this  class 
of  animals  in  theUnited  States.  There  are  numerous  pieces  of  exter- 
nal evidence,  which  can  not  be  quoted  here,  which  support  the  census 
results  in  this  particular.  {And  yet  the  census  authorities  believe  that 
a  considerable  number  of  cows  escaped  the  count.)  These  figures 
should  be  accepted  as  the  basis  of  all  other  durv  statistics  until 
replaced  by  later  and  equally  satisfactory  data. 

The  probable  error  in  accepting  as  actual  dairy  cows  the  number  of 
"  milch  cows"  reported  by  the  census  of  1890  may  be  shown  by  a  few 
exunples:  It  is  known  to  be  a  fact  that  the  dairy  cows  form  at  the 
present  time  a  larger  proportion  of  the  total  cattle  owned,  in  most  of 
tlie  States,  than  was  the  case  ten  or  twenty  years  i^o.  This  is  especially 
true  throughout  the  East,  where  dairy  cows  have  notably  increased  and 
other  cattle  have  diminished.  But  the  tables  of  the  census  for  1890 
show  the  milch  cows  to  be  a  greater  percentage  of  the  total  cattle  in  all  of 
the  New  England  and  Middle  States,  New  Hampshire  alone  excepted, 
than  the  dairy  cows  are  shown  to  bo  by  the  census  of  1900.  In  Mas- 
sachusetts the  milch  cows  constituted  67  per  cent  of  the  total  cattle  in 
1890,and  the  "cows  kept  for  milk"  were  only  66  per  cent  of  the  total 
cattle  in  1900;  yet  authorities  agree  that  the  dairy  cows  of  that  State 
have  increasedin  both  actual  number  and  proportion.  For  New  York 
these  percentages  are  68  for  18i>()  and  5S  for  1900;  in  New  Jersey,  76 
and  66,  respectively.  The  comparison  is  more  striking,  however,  in 
States  known  to  have  large  numbers  of  beef  cattle.  In  the  two 
Dakotas  the  milch  cows  in  1890  were. reported  as  31  per  cent  of  the 
total  cattle,  but  in  1900  the  cows  kept  for  milk  were  found  to  be  18  per 
cent  only  of  all  cattle.  In  Florida  these  percentages  were,  respec- 
tively, 23  and  10;  in  Colorado,  17  and  7;  and  in  Texas,  16  and  9.  Texas 
had  1,000,439  milch  cows  in  1890,  according  to  the  census  of  that  year, 
whereas  only  861,023  were  enumerated  in  1900;  yet  the  milk  product 
of  the  State  is  reported  as  more  than  doubled  during  the  decade,  and 
it  is  a  commonly  known  fact  that  the  dairy  cows  of  Texas  have 
increased  greatly  in  late  years;  tbe  only  explanation  is  that  probably 
thousands  of  Texan  breeding  cattle  were  erroneously  classed  as  milch 
cows  in  the  Eleventh  Census.  Taking  the  totals  for  the  United  States 
for  like  comparison,  the  animals  reported  as  milch  cows  in  1890 
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constituted  32.15  per  cent  of  the  total  cattle  on  farms  and  ranges,  while 
in  1900,  when  we  have  ample  reason  for  believing  the  actual  percent^e 
of  dairy  cows  to  be  p-eater,  the  "  cows  kept  tor  milk"  constitute  25.27 
per  c«nt  of  all  cattle  on  farms  and  ning«s  and  only  26.08  per  cent  of 
total  cattle  in  all  inclosures. 

These  evidences  of  error  in  the  enumeration  of  dairy  cows  for  1890 
render  quite  unreliable  the  total  number  as  then  reported.  The  thou- 
sands of  cows  belonging  to  the  beef  classe«4  that  were  counted  as  dairy 
animals  were  in  some  measure  offset  by  the  thousands  of  town  cows 
and  others  not  on  farms,  and  so  not  counted  at  all.  But  both  of  these 
factors  are  too  uncertain  to  estimate. 

It  is  useless,  therefore,  to  make  any  further  close  comparison  of  the 
cattle  statistics  of  the  Twelfth  Census  with  those  of  the  Eleventh, 
although  the  figures  for  both  are  placed  in  the  tables  on  later  pages. 

The  classification  for  1900  not  only  succeeded  better  in  separating 
the  real  milch  cows  from  '^other  cattle,"  but  enumerated  the  latter  in 
seven  classes,  by  ^e  and  sex,  an  follows:  (1)  Cows  and  heifers  not 
kept  for  milk,  2  years  old  and  over;  (2)  heifers  1  and  under  2  years; 
(3)  calves  under  1  year;  (i)  steers  1  and  under  2  years;  (6)  steers  2 
and  under  3  years;  (6)  steei-s  3  years  and  over;  (7)  bulls  1  year  and 
over.  The  three  classes  first  named  and  the  last  included  animals  of 
dairy  breeding,  and  the  cattle  classes  were  completed  by  (8)  "cows 
kept  for  milk,  2  years  old  and  over." 

The  following  summary  of  all  cattle  is  arranged  fi-om  the  dairy 
standpoint: 

Table  I. — Dairy  emu*  and  olher  neat  cattU  in  the  United  Statr»  in  1900. 


C1»N>. 

ISDgca. 

17,139,674 
ll,6ffi,142 

7, 183,  we 

Sl,90e,«M 

Numbernot 

Totel. 

978.  ra 

76,767 
7».M7 
488, 10ft 

1M12,707 

32.SM,7Dft 

67,822.886 

i,6is,*a 

'       ' 

There  were  thus  37,044,0i9  cowa  and  heifers  of  all  kinds  1  year 
old  and  over  in  this  country  at  the  last  enumeration,  and  i8.9  per  cent 
of  this  number  was  dairy  cows  already  "  in  profit"  "  kept  for  milk." 
Of  all  the  cowa  2  years  old  and  over,  100  appear  to  have  been  for 
dairy  purposes  for  every  04  kept  for  breeding  and  beef. 

The  geographical  distribution  of  the  dairy  industry  is  indicated  by 
these  ratios:  In  the  North  Atlantic  States  there  were  780  dairy  cows 
to  48  other  cows,  or  16  to  1;  in  the  South  Central  Division,  326  dairy 
cows  to  490  cows  for  breeding  and  beef,  or  1  to  1,5;  and  in  the  West- 
ern Division,  only  207  dairy  cows  to  (103  otherN,  or  1  to  3.     "Of  the 
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37,044,lH9  uows  and  heifers  over  1  year  old,  16,680,120,  or  42.1  per 
cent,  were  found  in  the  North  Central  Division  (of  States);  9,604,190, 
or  25.7  per  cent,  in  the  South  Central;  4,698,061,  or  12.7  per  cent,  in 
the  North  Atlantic;  4,649,595,  or  12.6  per  cent,  in  the  Western; 
2,565,661,  or  6.9  per  cent,  in  the  South  Atlantic  Division;  and 46,422, 
or  0.1  per  cent,  in  Hawaii  and  Alaska."  For  every  farm  reporting, 
there  were  14.3  bead  of  neat  cattle  of  all  classes  and  3.6  cows  kept  for 
milk. 

The  census  for  1900  reports  the  Aggregate  value  of  neat  cattle  in  the 
country  as  $1,617,602,361,  rather  more  than  one-third  of  which  is 
assigned  to  the  dairy  cows. 

PUREBRED  CATTLE   AND    "STATISTICS   OF   QUALITY," 

•  The  following  quotations  are  from  the  general  discussion  of  neat 
cattle  in  the  first  ^ricultural  volume  of  the  census  of  1^00: 

The  Twelfth  Oeumis  endeavored  to  eecnre  statistica  of  the  namber  of  pare-blooded 
cattle  and  the  number  of  thoee  of  special  hteeds.  The  attempt,  eo  br  as  it  depended 
upon  the  reports  of  the  enuiueratora,  waa  not  aucceasful. 

Some  attention  has  been  given  to  breeding  cows  for  dMry  purposes  only,  and  with 
thJB  object  in  view  importations  have  been  made  of  the  Jerseys  and  Aldemeya. 
There  are  now  many  fine  herds  of  both  breeds.  As  the  great  majority  of  American 
fannere  lieep  cattle  for  beef  as  well  as  for  milk,  they  prefer  the  Heiefords  and  Polled 
Angus,  which  are  valuable  for  both  purposee. 

A  statement  is  made  later  that,  based  upon  correspondence,  the 
census  authoiities  estimated  that  in  1900  there  were  700,000  "pure- 
blocds  of  all  kinds  "  among  the  cattle  of  the  United  States,  or  about  1 
per  cent  of  the  total  number.  The  Eleventh  Census  did  more  work  in 
this  respect.  Under  the  title,  "Statistics  of  quality,"  it  was  reported 
that  in  the  year  1890,  taking  the  country  as  a  whole,  0.99  per  cent  of 
neat  cattle  on  farms  were  purebred,  and  16.08  per  cent  were  grades 
having  one-half  or  more  of  improved  blood.  This  left  82,93  per  cent 
of  common,  or  native,  stock,  including  grades  less  than  one-half  pure- 
blood.  In  the  North  Atlantic  States  thei-e  were  then  1.77  per  cent  of 
purebred  cattle;  in  the  North  Central  Division,  1.21  per  cent;  in  the 
South  Atlantic,  0,73  per  cent;  in  the  South  Central,  0.46  per  cent; 
and  in  the  Western  Division,  0.52  per  cent  of  the  purebred.  The 
highest  percentage  of  grades  was  then  repoiied  in  the  North  Central 
Division,  being  22.21,  or  a  total  of  23.42  per  cent  of  all  the  cattle  having 
one-half  or  more  of  improved  blood. 

Assuming  these  last  returns  to  have  been  i-easonably  coiTect,  there 
must  be  now  much  more  than  1  per  cent  of  the  neat  cattle  of  the  coun- 
try of  the  different  pure  breeds.  In  a  recent  review  of  this  subject 
the  writer  estimated  that,  so  far  as  the  dairy  cattle  of  the  country  are 
concerned,  about  2  per  cent  are  now  purebred  and  nearly  if  not  quite 
half  of  all  the  cows  are  of  improved  blood. 
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The  Twelfth  Census  applies  this  term  to  all  "cows  kept  for  milk  2 
years  old  or  over,"  Of  the  total  number,  already  given  as  17,139,674, 
nearly  one-half,  or  4!). 5  per  cent,  were  found  in  the  North  Central 
Division  of  States.  In  the  North  Atlantic  Division  there  were  20-4 
per  cent;  in  the  South  Central,  16. d  per  cent;  in  the  South  Atlantic, 
8.1  per  cent;  and  in  the  Western  Division,-  5.1  per  cent  of  the  total. 

The  distribution  of  these  cowb  upon  farms  (4,514,210)  classified  by 
tenure  of  the  farms  wss  as  follows:  On  farms  of  owners,  10,459,262; 
part  owners,  1,734,648;  owners  and  tenants,  207,162;  managers, 
295,794;  cash  tenants,  1,823,713,  and  share  tenants,  2,619,095.  There 
were  579,908  dairy  cows  upon  348,970  farms  of  colored  farmers.  As 
to  distribution  on  farm.s  of  specified  areas  there  was  an  average  of  170 
cows  to  every  100  farms  of  3  to  20  acres  in  area,  and  this  average 
gradually  increased,  with  much  regularity  through  succeeding  groups, 
to  950  cows  for  every  100  farms  of  more  than  1,000  acres  each. 

The  foregoing  statistics  indicate  the  character  of  the  distribution  of 
the  dairy  industry  in  this  country,  geographically  and  otherwise. 
The  census  gives  tables  of  the  number  of  dairy  cows  on  farms  in  the 
several  States  and  Territories,  and  also  by  counties  therein.  The  ten 
most  important  dairy  States  rated  by  the  number  of  cows  on  farms, 
June  1, 1900,werethe  following:  Now  York,  1,501,608;  Iowa,l,423,648; 
Illinois,  1,007,664;  Wisconsin,  998,397;  Pennsylvania,  943,773;  Texas, 
861,023;  Ohio,  818,239;  Missouri,  765,386;  Minnesota,  753,632,  and 
Kansas,  676,456.  The  only  other  States  having  more  than  half  a  mil- 
lion dairy  cows  on  farms  were  Michigan  and  Nebraska. 

DAIRY   cows  WOT  ON   FARMS  OR  RANQE6. 

As  stated  already,  this  enumeration  was  made  for  the  first  time  in 
the  year  1900.  All  domestic  animals  in  inclosures  but  not  on  farms 
or  ranges  were  included.  There  were  801,817  different  "inclosures" 
reporting  cattle,  and  it  is  estimated  that  775,000  of  these  contained 
dairy  cows,  which  were  found  to  be  973,033  in  number.  None  of  the 
large  dairy  herds  or  stables  of  cities  and  towns  were  included,  hew- 
ever,  because  wherever  3  or  more  cows  were  reported  in  one  place  Uie 
matter  was  specially  investigated;  and,  if  it  was  found  that  the  animals 
required  the  constant  services  of  one  or  more  persons,  the  establish- 
ment was  treated  as  a  farm.  The  cows  of  city  dairies  in  general  are 
therefore  included  among  those  tabulated  as  on  farms.  Consequently 
the  cows  in  this  "not-on-farms"  class  were  almost  all  those  of  owners 
who  kept  1,  2,  or  3,  and  primarily,  in  most  cases,  for  their  own  use. 
They  were  located,  as  a  rule,  in  villages,  small  towns,  and  the  suburbs 
of  larger  places  rather  than  in  cities.     They  may  be  appropriately 
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called  "town  cows"  asdistinctfromfarmcows,  and  tbey  constitute 5.4 
per  cent  of  all  ttie  milking  stock  of  the  country. 

It  is  interesting  to  note  that  the  cows  of  this  class  were  not  found 
in  greatest  numbers  coincident  with  the  most  dense  population.  Thus 
nearly  one-half  of  all  (45  per  cent)  were  in  the  North  Central  division 
of  States,  31  per  cent  in  the  South  Central,  17.4  per  cent  in  tite  North 
Atlantic,  9.6  per  cent  in  the  South  Atlantic,  and  7  per  cent  in  the 
Western.  This  distribution  follows  very  closely  that  of  cowa  on 
farms.  The  Twelfth  Census  gives  tables  showing  the  whole  number 
of  dairy  cows  found  in  166  named  cities  of  over  25,000  inhabitants, 
and  the  number  of  ciuch  cows  to  1,000  inhabitants  in  each  of  the  same 
cities.  From  these  tables  it  appears  that  in  43  cities  of  100,000  or 
more  inhabitants  each  there  were  88,600  dairy  cows;  in  40  cities  of 
50,000  or  more  inhabitants,  36,978  cows;  and  in  83  cities  of  over 
25,000  and  less  than  50,000  inhabitants,  41,152  cows.  There  were 
thus  a  much  greater  proportion  of  town  cows  in  the  smaller  cities. 
In  the  166  cities  named,  containing  a  total  population  of  about 
20,000,000,  there  were  156,730  dairy  cows  over  2  years  old,  but  of 
this  number  90,146  were  tabulated  as  "  on  farms,"  according  to  the 
plan  adopted,  leaving  only  66,584  of  scattered  ownership,  or  "  not  on 
farms."  Less  than  7  per  cent  of  the  town  cows  was  therefore  located 
in  cities  of  more  than  25,000  inhabitants.  It  is  thereby  again  shown 
that  these  cows  were  nearly  all  kept  in  the  smaller  municipalities  and 
in  eemirural  communities. 

The  States  having  the  greatest  number  of  towrf  cows  were  Pennsyl- 
vania, 78,801;  Texas,  63,876;  Illinois,  56,827;  Iowa,  56,028;  Ohio, 
60,593;  and  Missouri,  49,192.  The  States  of  Michigan,  Kansas,  Indi- 
ana, New  York,  Minnesota,  and  Wisconsin  each  had  between  34,000 
and  40,000  of  this  class  of  animals. 

Greater  New  York  kept  11,577  cowa  within  its  limits  in  1900,  *nd 
other  cities  as  follows:  St  Louis,  9,481;  New  Orleans,  6,840;  Chicago, 
5,901;  Philadelphia,  4,981.  The  only  others  having  as  many  as  4,000 
were  St.  Paul  and  Minneapolis.  Of  the  other  large  cities,  Baltimore 
reported  1,600  and  Boston  1,151. 

The  cities  having  the  greatest  number  of  dairy  cows  to  100,000 
inhabitants  (or  in  that  proportion)  were  as  follows;  Sioux  City,  Iowa, 
6,850  (or,  actually,  2,268  cows  to  33.111  people);  Council  Bluffs,  Iowa, 
5,058;  Des  Moines,  Iowa,  4,458;  and  Superior,  Wis.,  4,053.  The 
cities  of  Newton,  Mass.;  Fort  Worth  and  Dallas,  Tex.;  JopHn,  Mo.; 
Haverhill  and  Taunton,  Mass.;  Topeka,  Kans.;  Little  Rock,  Ark.; 
Montgomery,  Ala.;  and  Lincoln,  Nebr.,  had,  in  the  order  named, 
from  3,600  to  3,000  cows  to  100,000  inhabitant",  or  at  that  rate. 
Among  the  great  cities,  the  highest  rate  was  1,648  in  St.  Louis  and 
the  lowest  was  205  in  Boston.     In  New  York,  Cbic^o,  Philadelphia, 
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and  Baltimore  the  rate  waa  between  300  and  400  dair)'  cowa  to  100,000 
population. 

The  value  of  these  town  cows  is  not  given  in  tlie  ceimuH,  nor  the 
quantity  and  value  of  their  products;  but  there  can  be  do  doultt  that 
the  cows  of  this  class  were  of  decidedly  better  quality  and  higher 
value  than  the  average  dairy  cows  on  farms,  and  their  products  were 
correspondingly  greater. 

TOTAI,   DAIRY   COWS — THEIR   DISTRIBUTION,    VALUE,    AND   PRODUCTS. 

The  total  number  of  dairy  cows  in  the  several  States  and  Territo- 
ries, including  those  on  farms  and  ranges  and  also  tho^ic  in  bams  and 
inclosures  elsewhere,  will  be  found  in  Table  XIII,  page  50.  The 
position  of  the  States  as  to  total  number  of  dairy  cows  "  in  all  inclos- 
ures"i8  practically  the  same  as  already  stated  for  cows  on  farms. 
The  only  ones  having  over  1,000,000  cows  kept  for  milk  are  New 
York,  Iowa,  Illinois,  and  Wisconsin. 

The  total  number  of  cows  in  a  State  does  not,  however,  give  as 
good  an  idea  of  the  prominence  of  dairy  interest  as  the  density  of  the 
cow  population  {no  to  speak)  and  its  relation  to  the  number  of  inhabi- 
tants. New  York  stands  first  in  this  respect  also,  haWng  32.30  cows 
per  square  mile  of  land  area,  and  in  this  State  are  three  counties  where 
the  cows  considerably  exceed  the  people  in  number :  Delaware  County 
has  76,384  dairy  cows,  or  1,64(5  [wr  1,000  inhabitants ;  Chenango 
County  has  53,751  coww,  or  1,470  per  1,{M>0  inhabitants;  and  St. 
Lawrence  County  has  105,440  cows  (the  greatest  number  of  any  county 
in  the  Union),  or  1,184  per  1,000  of  its  population.  The  compara- 
tively small  State  of  Vermont  comes  next  in  number  of  cows  per 
square  mile,  with  30.^8,  and  there  are  also  three  counties  in  this 
State — Addison,  Franklin,  and  Orleans — having  from  1,100  to  1,250 
cows  to  every  1,000  inhabitants.  Connecticut  comes  next  with  27.35 
cows  per  square  mile;  then  Iowa  with  2(i.67  cows  per  square  mile,  and 
the  counties  of  Delaware,  Jones,  and  Kos.siith,  with  24,000  to  26,000 
cows  each,  being  1,1W  to  almost  1,400  per  1,(X)0  inhabitants.  Other 
States  having  more  than  20  dairy  cows  per  square  mile  are.  the  follow- 
ing: Massachusetts,  24.81;  Rhode  Island,  23.77;  Pennsylvania,  22.72; 
New  Jersey,  22.30;  Ohio,  21.32.  Five  other  States  have  over  15  cows 
per  square  mile.  In  ten  other  counties  of  the  Union  the  dairy  cows 
exceed  the  population,  six  of  these  being  in  Wisconsin,  two  in  Minne- 
sota, and  one  each  in  Illinois  and  Ohio.  McIIenry  County,  III., 
exceeds  all  others  in  this  particular,  having  51, 41!)  dairy  cows,  and 
the  remarkable  ratio  of  1,728  cows  to  1,000  inhabitants. 

The  enumeration  of  all  cattle  by  classes  of  age,  .sex,  and  utility,  as 
described,  enabled  an  estimate  to  be  made  of  the  average  longevity  of 
4JOWS.  The  census  considers  a  little  less  than  7  years  to  l)c  the  life  of 
dairy  cows,  approximately,  in  the  North  Atlantic  States,  giving  not 
quite  5  years  as  the  average  period  of  profit.     In  the  other  geographic 
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diviaiona  of  the  country  these  averages  appear  to  be  nearly  one  year 
less. 

The  Twelfth  Census  places  the  average  value  of  the  dairy  cows 
in  the  United  Statee  in  1900  at  f29.68.  This  makes  the  total  value 
$537,6M,750.  The  highest  value  per  head,  $35.43,  in  aKsigned  to  the 
"Western  Division,  and  the  lowest,  or  $21.97,  to  the  South  Atlantic 
Division.  But  in  this  eutimate  the  town  cows  are  rated  no  higher 
than  Uiose  on  farms.  This  is  believed  to  bo  an  undervaluation  for 
cows  in  that  class,  so  that  the  avenge  for  the  year  1900  can  safely  be 
placed  at  something  over  $30  per  head. 

Although,  for  the  reasons  stated,  close  comparisons  should  not  be 
made  between  the  dairy  statistics  of  the  Twelfth  Census  and  those  pre- 
ceding, it  is  convenient  to  do  so,  in  a  general  way,  in  some  instances. 
An  increase  of  about  1,500,000  cows  seems  to  have  occurred  in  the 
United  States  during  the  UkI  decade,  and  this  increase  appears  to  have 
been  quite  evenly  distributed  over  the  country.  Gains  luve  occurred 
in  all  the  five  divisions  in  which  the  States  are  grouped  for  census 
purposes,  but  none  especially  marked,  although  the  greatest  has  been 
in  the  eleven  States  of  the  Western  division.  The  next  largest 
increase  is  in  the  North  Atlantic  division,  where  demand  for  the  com- 
bined dairy  products  greatly  exceeds  local  production.  In  every  one 
of  the  nine  North  Atlantic  States,  excepting  perhaps  New  Jersey, 
there  are  more  cows  kept  for  milk  than  ever  before.  The  increase  in 
Vermont  is  believed  to  have  been  20  per  cent. 

Comparisons  between  the  dairy  products  reported  by  the  Twelfth 
Census  and  the  Eleventh  should  also  be  made  with  large  allowances, 
if  at  all.  There  can  be  no  doubt,  however,  of  the  material  improve- 
ment in  the  dairy  quality  of  cows  kept  for  milk,  and  consequently  in 
proportional  a^regata  production.  The  Eleventh  Census  gave  the 
averse  annual  milk  product  per  cow  as  315.4  gallons,  the  Twelfth 
Census  reports  the  product  as  ■124  gallons.  This  very  remarkable 
gain  is  apparent  rather  than  real.  The  aver^^  yield  of  milk  per  cow 
in  1890  must  have  been  considerably  greater  than  reported  (so  many 
animals  were  counted  as  milch  cows  which  actually  contributed 
nothing  to  the  milk  supply),  and  it  seems  cei-tain  that  the  figures  for 
1900  are  too  high. 

Whatever  the  latter  error  may  be,  it  is  doubtless  distributed  quite 
evenly,  so  that  the  average  annual  yield  per  cow  as  given  in  the  agri- 
cultural returns  of  the  last  census  for  different  parts  of  the  country 
are  comparable.  These  show  the  relative  productiveness  of  the  cows 
in  different  sections  in  a  very  striking  manner.  The  average  for  the 
cows  of  the  North  Atlantic  States  is  given  as  ^^S  gallons;  for  the 
North  Central  Division,  425  gallons;  for  the  AVestern  Division,  418  gal- 
lons; for  the  South  Atlantic  Di\'iston  (nine  States),  <io6  gallons,  and 
for  the  South  Central  Division  {eight  States),  330  gallons.  The  highest 
14818— No.  5.5—04 2 


18  BUREAU    OK   ANntAL   IKDUSTBY. 

anniiftl  yield  returned  i«  from  the  1,251  cows  on  the  169  "farms"  in 
the  District  of  Columbia,  being  680  gallons  per  cow.  The  States 
showing  the  best  returns  per  cow  are  the  following:  Maine,  674  gal- 
lons; Massachuijetts,  573;  Rhode  Itjlaod,  546;  Connecticut,  545;  New 
Hampshire,  5'2H;  Vermont,  526;  Ohio,  5:^0;  Pennsylvania,  516,  and 
New  York,  515.  Among  the  big  dairy  States  of  the  North  Central 
Division,  the  average  yield  in  Wisconsin  is  placed  at  473  gallons;  in 
Illinois,  454;  in  Minnesota,  403,  and  in  Iowa,  376.  One  of  the  great- 
est contrasts  in  this  particular  is  shown  by  two  States  having  a  nearly 
equal  number  of  cows:  Arkansas  has  31'2,577  cows  on  farms,  averag- 
ing 351  gallons  of  milk  and  returning  a  total  farm  value  for  its  dairy 
products  of  $6,912,459.  California  has  307,245  cows  on  farms,  avert- 
ing 500  gallons  of  milk,  and  its  total  dairy  products  were  valued  at 
$12,128,471,  or  nearly  twice  as  much  as  the  other  Btat«,  although  the 
latter  had  5,332  more  cows. 

The  6gure3  in  the  last  paT^n**pli  a""**  taken  from  those  showing  the 
total  milk  produced  on  4,514,210  farms,  according  to  the  tables  of  the 
Twelfth  Census.  The  "town  cows"  are  not  taken  into  consideration 
here.  Relatively,  the  rates  of  production  appear  to  be  very  nearly 
correct,  although  some  errors  are  evident.  New  York  is  unquestion- 
ably too  low;  it  should  rank  with  the  New  England  States  in  milk 
yield  per  cow.  The  Ohio  averse  can  not  actually  be  higher  than 
that  of  Illinois  and  is  probably  lower.  Minnesota  should  stand  next 
to  Wisconsin.  The  evidence  is  abundant  in  support  of  these  changes, 
although  it  can  not  be  given  here.  But  nearly  all  these  censu.-^  aver- 
ages of  yield  per  cow  for  farm  cows  are  believed  to  bo  somewhat  too 
lai^e.  They  are  not  sustained  by  the  other  dairj'  statistics  of  the  cen- 
sus nor  by  the  numerous  disconnected  pieces  of  evident^  which  are 
available  for  verifying  or  testing  the  cen,su8  returns.  Instead  of  424 
gallons,  as  shown  by  the  census,  it  is  believed  to  be  much  nearer  the 
truth  to  place  the  average  annual  yield  of  milk  at  3,600  pounds  per 
cow,  which  is  a  little  over  418  gallons.  This  seems  an  immaterial 
reduction,  but  it  makes  quite  a  difference  in  the  aggregate  production 
for  the  17,000,000  cows  on  farms. 

As  already  stated,  the  milk  and  derivative  products  of  cows  "not 
on  farms,"  but  "kept  for  milk,"  were  not  obtained  and  repoi-ted  by 
the  Twelfth  Census.  An  estimate  of  this  production  must  therefore 
be  made,  as  it  will  not  do  to  ignore  so  important  a  factor  as  6  per 
cent  or  more  of  all  milk  produced  in  the  country.  Whether  right  or 
wrong,  the  annual  average  yield  per  cow  as  given  by  the  last  census 
will  be  acceptod  and  used  as  the  basis  of  computations  until  more  sat- 
isfactory data  are  available.  This  is  424  gallons  per  cow  for  those  on 
farms.  The  "town  cows"  may  safely  l>e  estimated,  upon  this  basis, 
as  producing  475  gallons  per  head.  This  is  probably  as  much  below 
the  truth  as  the  yield  assigned  to  farm  cows  is  above  it.     A  few 
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examples  may  be  jriven:  The  cows  reported  above  for  the  District  of 
Columbia  aa  having  an  aDDual  yield  of  680  gallons  each  were  the  herda 
owned  by  public  institutions  and  by  milk-supply  dairies.  They  were 
all  practically  "town  cows"  for  market  milk,  and  the  558  cows  in  the 
District  not  on  farms  were  doubtless  of  the  same  kind  and  equally 
good,  producing  000  or  700  gallons  of  milk  each  per  year.  The  county 
of  Richmond,  N.  Y.,  is  Staten  Island,  a  suburb  of  the  metropolis. 
This  county  ia  credited  with  1,444  cows  upon  212  "farms,"  pro- 
ducing an  average  of  604  gallons  of  malk  per  cow.  There  were  in 
the  county  .536  other  cows,  undoubtedly  of  equal  dairy  merit.  More 
than  three-quarters  of  the  milk  product  reported  was  sold.  The  cowa 
of  this  county  were  thus  practically  all  "town  cowa"  for  market 
milk,  producing  annually  over  600  gallons  per  head.  Suffolk  County, 
Mass. ,  is  covered  by  the  city  of  Boston.  The  census  reports  887  cows 
on  93  "farms"  within  the  county,  producing  milk  at  the  rate  of  510 
gallons  yearly  per  cow.  There  were  509  other  dairy  cows  "  not  on 
farms"  in  this  county.  Substantially  all  the  milk  produced  was  sold. 
All  were  "town  cows"  for  market  milk,  producing  over  600  gallons 
per  head  per  year.  (The  probability  is  that  the  average  yield  of  these 
cowa  was  actually  more.)  The  city  and  county  of  San  Francisco  are 
practically  one.  There  were  5,005  cows  repoited  as  "on  farms"  in 
the  county  (and  city),  producing  milk  reported  at  nearly  4,000,000 
gallons;  practically  all  of  this  was  sold.  There  were  608  other  dairy 
cows.  The  average  production  reported  for  all  these  "  town  cows  "  was 
almost  800  gallons  per  year,  while  the  average  for  the  entire  State  is 
given  as  500  gallons. 

Other  examples  might  be  given  to  show  that  the  dairy  cows  "not 
on  farms  "  were  in  all  cases  much  larger  producers  than  those  on  farms, 
and  were  very  generally  not  only  "  kept  for  milk,"  but  for  milk  to  be 
sold.  Butter  may  have  been  made  from  some  of  them;  in  the  main, 
however,  their  milk  was  used  or  sold,  constituting  a  very  large  share 
of  the  total  supply  of  market  milk.  It  would  be  quite  conservative 
to  credit  this  important  class  of  dairy  cows  with  500  gallons  each  per 
annum,  but,  as  an  offset  to  the  probable  excessive  rate  of  424  gallons 
per  cow  on  farms,  the  rate  of  475  will  be  estimated  for  cows  not  on 
farms  and  used  for  all  subsequent  computations  in  these  pages. 

The  safest  way  to  avoid  duplication  and  conflict  in  considering  the 
total  atlnual  dairy  production  of  the  countr}'  is  to  estimate  the  number 
of  cows  and  the  yield  of  milk  necessary  for  the  different  products. 
The  following  arrangement  answers  that  purpose  for  the  year  1900: 

For  butter,  at  154  pounds  per  year  per  cow 9, 700, 000 

For  cheese,  at  .168  pountla  per  year  per  cow 800, 000 

For  condenHcd  milk,  at  912  pounds  per  year  peroow 200,000 

For  milk  consumed,  at  430  (jalioiiB  per  year  per  cow 7, 412, 707 


Total  number  of  cows 18,112,707 


yogk 
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This  arbitrary  arrangement  of  (k>ws  to  the  different  branches  of 
dairy  production  ia  based  upon  the  published  summaries  of  the  Twelfth 
Census.  Yet  a  smaller  number  of  cows  are  thus  assigned  to  butter 
and  cheese  production  than  was  done  ten  years  earlier,  when  these 
products  were  also  much  less.  It  might  be  more  accurate  to  assume  a 
lower  rate  of  butter  and  cheese  product  and  increase  the  number  of 
"butter  cows"  and  "cheese  cows;"  the  number  remaining  for  milk 
consumed  would  then  be  less,  as  it  doubtless  should  be. 

THE   AOGRBQATE    HHJC   PHODUCTION   AND  ITS    DISPOSITION   IN   THE 
UNITED  STATES. 

The  t^icultural  tables  of  the  Twelfth  Census  give  the  total  quantity 
of  milk  produced  on.  farms  in  this  country,  during  the  year  1899,  as 
7,266,892,674  gallons,  or,  in  round  numbers,  62,500,000,000  pounds. 
This  was  the  product  of  17,139,674  cows,  reported  from  4,614,210 
farms,  or  an  average  of  424  gallons  (3,650  pounds)  per  year  per  cow. 
As  already  noted,  this  statement  of  the  milk  product  is  believed  to  be 
too  large.  But  these  are  the  figures  which  will  be  generally  quoted 
and  referred  to  for  some  years  to  come,  so  that  they  may  as  well  be 
considered  as  they  stand.  Of  the  total  quantity,  49.7  per  cent,  or 
nearly  one-half,  was  reported  from  the  North  Central  Division  and  25. 1 
per  cent,  or  half  the  remainder,  from  the  North  Atlantic  States. 

To  the  product  of  the  farm  cows  must  be  added  that  of  nearly 
1,000,000  town  cows.  Estimated  as  heretofore  and  for  the  reasons 
stated,  as  475  gallons  (or  about  4,000  pounds)  per  cow,  the  annual  prod- 
uct of  this  class  of  cows  will  be  462,190,675  gallons,  or  3,900,000,000 
pounds,  which  is  more  than  one-sixteenth  of  the  gross  yield  of  the 
faim  cows.  There  is  no  basis  for  determining  the  uses  to  which  this 
great  quantity  of  milk  was  applied.  Most  of  it  was  doubtless  con- 
sumed in  its  natural  state.  The  total  being  regarded  as  market  milk, 
there  was  enough  to  supply  three  or  four  times  as  many  persons,  at 
the  average  rate,  as  were  included  in  the  families  of  the  owners  of 
these  cows  not  on  farms.  An  indefinite  portion  of  this  milk  must 
have  been  contributed,  however,  to  the  materials  reported  as  received 
by  the  butter,  cheese,  and  condensed-milk  factories,  and  applied  to 
making  butter  for  the  home  u.se  of  the  cow  owners. 

Altogether  the  milk  produced  in  the  United  States  during  the  year 
1899  is  thus  placed  at  7,728,583,349  gallons,  or  rather  more  than 
66,000,000,000  pounds,  being  an  annual  supply  of  101,3  gallons  for 
every  man,  woman,  and  child  in  the  country. 

Accepting  this  great  aggregate  as  possible,  if  not  probable,  the 
interesting  question  arises.  How  was  all  of  this  cows'  milk  used  or 
disposed  of?  The  census  statistics  furnish  no  satisfactory  answer; 
the  data  obtained  is  interesting  and  suggestive,  but  it  is  plainly  neither 
accurate  nor  complete.     Effort  was  made  to  obtain  information  as  to 
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the  disposition  of  milk  on  farms.  The  butter  and  cheese  made  thereon 
was  reported  and  also  the  milk  and  cream  sold.  The  gross  sales  of 
milk  were  returned  as  2,134,015,34:2  gallons,  and  of  cream  20,768,662 
gallons,  being  equivalent  to  114,227,641  gallons  of  additional  milk. 
A  table  is  presented  in  the  agricultural  volume  of  the  census  (Table 
CLXVU,  Vol.  V,  p.  clxxvi)  which  is  intended  to  show  how  the  milk 
produced  on  farms  was  utilized.  Besides  the  portion  above  stated  as 
sold,  estimates  are  given  of  the  quantity  converted  into  butter  and 
cheese,  and  a  conclusion  reached  as  to  the  milk  consumed  on  farms  in 
ways  unreported.  In  doing  this,  however,  allowances  were  made  at 
least  10  per  cent  too  great  for  the  milk  mode  into  cheese  and  25  per  cent 
too  great  for  milk  made  into  butter."  By  correcting  these  manifest 
overestimates  of  the  application  of  milk  to  butter  and  cheese  made  on 
farms,  it  is  found  that,  instead  of  1,244,857,710  gallons  of  milk  con- 
sumed on  farms,  or  276  gallons  per  year  for  every  farm  reporting,  the 
milk  product  of  farms  left  unaccounted  for  is  1,402,644,302  gallons, 
or  12, 062,740, &94  pounds,  bemg  310.7  gallons  (or  2,672  pounds)  annu- 
ally per  farm. 

When,  in  addition  to  this,  the  enormous  farm  supplies  of  skim  milk 
and  buttermilk  are  considered,  it  is  evident  that  some  disposition  other 
than  consumption  by  human  beings  must  be  accepted  as  an  explanation. 
One  of  three  things  must  be  true:  The  total  milk  product  of  cows  on 
farms  must  have  been  considerably  less,  or  the  quantity  of  milk  and 
cream  sold  from  farms  must  have  been  much  greater  than  reported, 
or  some  other  use  must  have  been  made  on  farms  of  a  large  share  of 
the  milk  produced.  The  sales  of  milk  and  cream  are  probably  tJie 
most  accurate  of  the  farm  dairy  statistics.  In  many  cases  these  facts 
are  matters  of  record.  Next  in  reliability  are  the  sales  of  butter  and 
cheese  from  farms;  less  reliable  are  the  totals  of  these  articles  made  on 
farms.  Most  doubtful  of  all  is  the  annual  milk  product,  especially 
when  measured  in  gallons  and  estimated  in  June,  1900,  for  the  twelve 
months  ended  with  the  December  previous.  But  still,  accepting  these 
returns,  a  rational  disposition  must  be  sought  for  much  of  the  milk 
reported  produced.  The  census  barely  suggests  an  explanation  by  a 
single  sentence:  "  In  many  reports,  particularly  from  the  North  Central 
States,  mention  was  made  of  the  fact  that  some  milk  reported  was  fed 
to  calves  raised  for  veal."  Before  this  sentence  was  written  the  writer 
proposed,  in  a  paper  published  on  this  subject,  to  assign  a  definite  and 
considerable  portion  of  all  milk  reported  produced  on  farms  to  the 

"The  ccnpiM  estimates  3,6  gallons  of  milk,  or  a  little  over  30  ponnds,  per  pound  of 
bntter,  and  1.3  gallons,  or  over  11  pounds  of  milk,  for  a  pound  of  cheeBe.  The  cor- 
reaponding  estimates  of  the  Dairy  Division  are  24  pounds  milk  per  1  pound  butter 
and  10  pounds  milk  per  1  pound  cheese.  The  two  offices  nearly  agree  in  the  equiv- 
alents ot  milk  and  cream,  the  one  reckoning  5.5  gallons  of  milk  as  1  gnlloa  of  cream 
and  Uie  oUier  5.6  pounds  of  milk  as  1  pound  of  cream. 
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rearing  of  cilvea.  In  June,  1900,  there  were  reported  liviag  nearly  63 
calves  under  1  year  old  for  evety  100  cows  of  all  kinds  over  2  years 
old.  This  was  after  a  greater  part  of  the  veal  calves  of  the  year  had 
been  slaughtered.  It  is  believed  that  15,000,000  calves  may  be 
assumed  to  have  been  born  and  carried  to  an  aversf^  age  of  at  least 
six  weeks  from  the  17,139,67i  dairy  cows  on  farms.  This  is,  of  course, 
an  assumption,  and  must  include  calves  fed  for  veal,  mainly  on  whole 
milk,  and  calves  raised  for  breeding  and  for  beef,  with  more  or  less 
milk  or  none  at  all.  It  is  now  proposed  to  allow  for  these  calves  an 
average  of  1  gallon  of  milk  a  day  for  about  six  weeks.  This  is  purely 
an  estimate,  and  will  be  by  many  regarded  as  excessive.  It  may  be  so, 
but  it  is  more  reasonable  to  thus  dispose  of  the  farm  surplus  of 
milk,  which  must  be  act^ount«d  for,  than  to  count  it  as  human  food; 
and  these  are  the  only  alternatives.  Therefore  the  following  table 
has  been  constructed  to  show  the  probable  disposition  of  milk  reported 
produced  on  farms,  provided  the  census  returns  are  correct.  The  total 
milk  product,  the  sales  of  milk  and  cream,  and  the  quantities  of 
butter  and  cheese  made  on  farms  are  from  census  tables. 

Table  II. — WUk  apparenlli/  available  onfarmt  and  laetl  or  dispoted  of  in  1S99. 


PioducU  and  npplloiUonB 

of  milk. 

Milk  requtied. 

OaOoM. 

185,723,300 

2,990 

9ie,S33 

982.3*7,713 
18,800. 271.  »U 

Total  milk  usert  or  sola  as  above 

?:^ 

097,209 
392,671 

«,  228, 236, 002 

2,007 

296. 4W^ 
661, 16» 

17,2fi2,7*0,9M 

rood 

"Itl'i 

al  pounfl  rheise  -  10  pOHiid«  ol  milk. 
t>\  pound  buttvr  ^'24  pounds  of  milk. 

'-ISslloncreuD 
rilgalloumllk 

pound] 
undB. 

0t5.Bg, 

illoniuiUk. 

Assuming  that  there  are  6  persons  to  1  farm — 1,514,210  farms  to 
provide  for  :=  37,085,260  persona.  (12,062,740,994  pounds  milk  -;- 
27,085,260  persons  —  445.36  pounds  milk  per  capita  per  annum;  445.36 
pounds  railk  per  annum  gives  1.22  pounds  of  milk  per  capita  per  diem 
on  these  farms.) 

Notwithstanding  the  arbitrarj'  assignment  of  about  8  per  cent  of  the 
total  farm  milk  product  as  used  bj'  calves,  there  remains  a  supply  of 
milk  equal  to  310.7  gallons,  or  2,673  pounds  per  annum  per  farm  re- 
porting, for  use  by  pei-sons  living  on  the  same  farms.  Allowing  6 
persona  per  farm,  the  animal  supply  becomes  445.36  pounds  of  milk 
per  capita,  or  1.22  pounds  per  day.  If  this  were  true,  the  people  on 
farms  would  consume  new  or  whole  milk  at  a  rate  double  that  which 
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would  be  available  for  those  hot  living  on  farms,  besides  the  farm 
supplies  of  skim  milk  and  buttermilk.  The  improl»bility  of  any  such 
rate  of  farm  consumption  again  forces  tbe  conclusion  that  the  farm 
sales  of  milk  and  cream  were  greater  than  reported  and  the  total  milk 
produced  on  farms  was  much  leas. 

In  further  illustration  of  the  relations  of  the  production  of  milk  on 
farms  to  ita  disposition  another  table  is  presented,  containing  exti"acts 
from  the  census  returns,  except  that  cream  is  expressed  in  equivalent 
gallons  of  milk,  the  States  being  arranged  in  the  order  of  greatest 
milk  production. 

Table  lll—Prodaetion  of  milk  on  farms  and  its  disposition,  in  part,  in  Ihe  United  Stata 
and  in  geUcled  Statee  /or  1S99.     ( From  ihe  cmgui. ) 


State. 

'^S=' 

U[lk  (and 

OaOim: 
7,268,892,674 

2,249,142,988 

aaOimi. 

278,892 
217,193 

2*0,334 
125,014 

is!  734 

4 12, 274,264 
457,106,996 
425,870.394 
105,571,878 
77, 714,  UBS 

174,001,607 
261,462.356 
199.632,261 
8I>,«IS,989 
80.91T.M7 
60,923,088 

Tin 

New  Jewey 

Notwithstanding  the  doubts  expressed  as  to  the  statistics  given 
above,  they  are  regarded  as  having  sufficient  approximate  and  com- 
parative accuracy  to  furnish  certain  marked  and  interesting  features. 

It  is  impossible  to  tell  to  what  extent  farm  returns  failed  to  include 
in  the  sales  tbe  milk  and  cream  delivered  to  cooperative  creameiiea 
and  cheese  factories,  the  hutt«r  and  cheese  from  which  were  included 
in  manufactures  and  not  in  farm  products  or  sales.  There  is  evidence 
that  such  errors  of  omis-sion  occurred.  The  milk  and  cream  received 
at  factories  must  have  been  greater  than  returned,  because  the  manu- 
factured products  of  those  cstablishmenhj  required  materials  consider- 
ably more,  than  the  quantities  reported.  The  business  of  most  of 
these  factories  is  a  matter  of  record,  and  yet  an  examination  of  the 
original  returns  made  by  them  for  the  census  shows  that  records  of 
products  are  more  definite  and  reliable,  in  many  cases,  than  those  of 
the  milk  and  cream  received  as  materials  for  manufacture. 

States  like  Iowa  and  Wisconsin,  having  the  creamery  and  factory 
system  well  developed  and  no  large  demands  for  city  milk  supply, 
both  report  the  milk  received  at  the  factories  as  within  20,000,000 
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gallons  of  the  milk  sales  reported  by  farms.  It  appears  that  in  Wis- 
consin the  farm  sales  constituted  more  than  half  of  the  total  milk  pro- 
duced. Explanatory  of  this  is  the  fact  that  the  farm  products  of 
butter  and  chceiie  in  this  State  were  comparatively  small.  More  than 
half  of  all  the  milk  went  to  the  factories;  no  otber  such  case  is  shown 
in  the  table.  Ohio,  on  the  contrary,  with  exceptionally  large  quan- 
titie.-^  of  butter  and  cheese  made  on  the  farms  (and  comparatively  few 
creameries),  sent  only  11  per  cent  of  the  milk  to  be  manufactured  else- 
where, and  shows  sales,  outside  tlie  factories,  twice  as  large  as  Iowa  or 
Wisconsin.  Illinois,  New  York,  and  Pennsylvania  well  show  the 
local  demands  for  city  milk  supply;  a  large  share  of  the  milk  produced 
was  sold  from  the  farms,  and  yet,  although  creameries  and  cheese 
factories  are  numerous  in  these  States,  such  establishments  did  not 
receive  more  than  two-thirds  of  the  milk  reported  as  sold.  The  sta- 
tistics of  Massachusetts  and  New  Jersey  have  been  included  as  exam- 
ples of  the  effects  of  dense  population  and  local  markets  for  milk; 
a  very  large  part  of  the  milk  produced  is  sold  from  the  farms,  but 
very  small  portions  of  this  go  te  creameries  and  cheese  factories. 

It  is  deemed  unfortunate  that  the  gallon  was  selected  as  the  auit  of 
milk  measure  for  the  farm  returns  of  the  census.  Althouj^  it  may  be 
a  familiar  farm  measure,  records  of  milk  are  rarely  if  ever  kept  in 
gallons.  Commercial  transactions  in  milk,  including  the  business 
between  creameries  and  cheese  factories  and  the  farmers  ("  patrons") 
who  supply  them,  are  now  generally  conducted  in  pounds,  although 
sometimes  expressed  in  quarts.  The  gallon  is  itself  an  uncertain 
quantity,  the  milk  gallon  differing  considerably  in  different  States, 
but  the  pound  avoirdupois  is  the  same  the  country  over.  In  the  com- 
putations and  conversions  made  for  this  discussion  and  its  tables,  a 
gallon  of  inilk  has  l>een  regarded  as  8.6  pounds  and  a  gallon  of  cream 
aaS.a  pounds. 

BTJTTEH  ON   FARMS. 

Whereas  the  census  has  heretofore  reported,  in  connection  with 
batter  on  farms,  the  single  fact  of  quantity  made,  the  Twelfth  Census 
adds  three  important  and  interesting  items — the  number  of  farms 
reporting  butter  asa  home  product,  the  quantity  sold  from  farms,  and 
the  value  of  such  sales.  It  thus  appears  that  3,617,440  farms,  or  63 
per  cent  of  the  total  number,  reported  butter,  the  total  quantity 
made  in  the  year  1839  being  1,071,745,127  pounds.  Of  the  hitter, 
518,139,026  pounds,  or  rather  more  than  one-balf,  was  sold  for 
$86,606,446,  or  at  an  avei-age  rate  of  16.7  ccntw  per  pound. 
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The  following  table  is  taken  from  the  agricultural  volume  {Part  I) 
of  the  ceusuB  for  1900: 


Table  IV  .—Btdter  made  mi  farms  and  iialet  of  tame.     {Cmmi*  qf  1900.) 


Otwgimphtc  dlvliloiui. 

Farms 

Ponndiim«ae. 

Pound*  »1d. 

ReceWea 

from  ■Bleu 

s 

8,«1T,*« 

1,071,7*6,127 

618,139.028 

W6, 608, 448 

607,647 

1,BW,111 

»»,S78 

122.  K» 

B8»,lW,7tiO 
1*5,933,880 

6i,20z,aa» 

118,871 

1«,  773, 9*5 
2*.  432, 688 

284,995,556 
82.246,106 
30.694,694 

98,209 

!»,  148,852 
4,214,943 

42,696,824 
6.281,218 
8,  WO,  141 

36.466 

North  Central 

ffotern 

19.9 

S8.D 

Over  oue-half,  or  50.3  per  cent,  of  the  butter  reported  from  farms 
was  made  in  the  North  Central  Division  and  19.2  per  cent  in  the  North 
Atlantic.  The  former  division  sold  56  per  cent  of  its  farm  butter  and 
the  latter  division  28.2  per  cent  This  shows  where  the  surplus  farm, 
or  "  dairy,"  butter  is  made.  The  South  Central  Division  sold  only  6. 2 
per  cent  of  its  farm  product;  the  South  Atlantic  Division  only  4.7  per 
cent,  and  the  Western  Division  only  5.9  per  cent. 

It  niay  be  aupposed  that  the  returns  of  butter  made  on  farms  were 
as  accurate  as  reported  for  the  censuses  of  previous  years  as  for  that 
of  1900.  Comparisons  are  therefore  in  order.  The  total  product  on 
farms  reported  every  ten  years  from  1859  to  1H99,  inclusive,  is  given 
in  Table  X,  on  p^e  49.  The  farm-butter  product  per  capita  of  popu- 
lation has  been  as  follows:  Census  of  1850,  13.51  pounds;  census  of 
1860,  14.62  pounds;  census  of  1870,  13.33  pounds;  census  of  1880, 
16.50  pounds;  census  of  1890. 16.33  pounds,  and  census  of  1900,14.06 
pounds  of  farm  butter  per  capita  per  annum.  Since  1880,  and  includ- 
ing that  year,  creamery  butter  also  has  been  produced  in  rapidly  increas- 
ing quantity.  Therefore  the  per  capita  production  of  farm  butter  has 
been  quite  variable,  and,  although  the  rate  increased  during  the  decade 
prior  to  1890,  notwithstanding  a  very  large  increase  of  creamery  butter 
during  the  same  period,  the  last  decade  shows  a  decrease  in  rate  exceed- 
ing anything  previous;  while,  at  the  same  time,  the  total  production 
of  butter  on  farms,  as  repoi-ted  by  the  Twelfth  Census,  was  some- 
what greater  than  ever  before. 

The  five  States  producing  the  greatest  quantity  of  butter  on  farms 
were,  in  the  order  named,  Ohio,  New  York,  Pennsylvania,  Iowa,  and 
Michigan.     Together  they  produced  almost  one-third  of  the  total- 
In  the  discussion  of  the  statistics  of  dairy  products  in  the  agricul- 
tural volume  of  the  Twelfth  Census,  it  is  stated  that,  for  reasons 
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already  referred  to,  the  butter  reported  oa  made  on  farms  should  prob- 
ably he  reduced  by  7,400,000  pounds  and  the  milk  salea  correapond- 
ingly  increased.  This  correction  in  considered  as  belonging  to  the 
returns  for  the  States  of  Vermont,  Minnesota,  Kansas,  and  Nebraska. 
Besides  this,  the  census  estimates  that  butter  was  made  on  farms  and 
not  reported  to  the  amount  of  50,0<X),000  pounds. 

CHEESE   ON   FARMS. 

The  quantity  of  cheese  made  on  farms  has  decreased  steadily  ever 
since  the  beginning  of  the  factory  system  of  manufacture  in  this  coun- 
try—about  fifty  years  ago.  The  number  of  farms  reporting  cheese 
in  1900  was  only  15,670,  or  one  farm  in  every  366.  Of  these  farms, 
approximately  half  were  in  the  North  Central  Division  and  one-half 
of  the  remainder  in  the  North  Atlantic  States.  But  the  Western 
Division  reported  more  cheese  made  on  farms  than  any  other  geo- 
graphical division,  because  the  State  of  California  was  credited  with 
4,249,588  pounds,  or  over  one-fourth  of  the  total  product  on  farms, 
which  was  16,372,330  pounds.  New  York  was  next,  with  2,624,562 
pounds,  and  the  States  of  Wisconsin  and  Ohio  were  the  only  others  in 
which  over  1,000,000  pounds  were  made  during  the  census  year, 
although  Pennsylvania  approached  that  quantity.  But  every  State 
and  Territory  in  the  Union  reported  some  cheese  made  on  farms. 
Massachusetts,  Rhode  Island,  Delaware,  South  Carolina,  Georgia, 
Florida,  Arkansas,  and  Indian  Territory  were  the  only  ones  reporting 
less  than  20,000  pounds  each.  Cheese  making  on  farms  is  therefore  a 
widely  diffused  industry  still,  despite  the  preponderance  of  factory- 
made  cheese. 

More  than  seven-eighths  of  this  home-made  cheese  was  sold  from 
the  farms.  The  average  price  reported  received  for  it  was  9.1  centa 
per  pound.  In  the  North  Atlantic  and  Western  Divisions  the  aver- 
ages were  the  same,  9.6  cents;  this  was  the  rate  in  New  York,  while 
in  California  it  was  but  9.1  cents.  In  Wisconsin  the  averse  was  hut 
8.7  cents,  and  in  Ohio  6.8  cents. 

As  compared  with  the  Eleventh  Census,  the  Twelfth  shows  a  decrease 
in  the  whole  country  of  nearly  2,500,000  pounds  of  farm-made  cheese 
per  year,  or  12.6  per  cent,  although  the  total  cheese  product  of  the 
United  States  appears  to  have  increased  over  16  per  cent." 


"See  mollifying  Blatemeut  on  ji.  42. 
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FARM  84LKA  OP  DAIRY  PRODUCTS. 

Following  is  a  ffeneral  summary  of  the  quantities  and  values  of 
dairy  product»  sold  from  1,51:1,210  farms  in  the  Unitpd  States,  and  the 
totals  of  such  products  thereon,  wt  reported  hy  the  census  for  1900; 

Milk  sold,  2,134,915,342  gallons $184,842,292 

Cream  8ol<l.  20,768,662  galloHB B,  838,776 

Butter  sold,  518,139,026  pounds rt6,606,446 

Chee»esold,  14,692,R42  iwmda 1,342,444 

Total  value  of  dairy  producU  HoI<l  from  taniiH 281,629,1158 

Total  value  of  such  products  consumed  on  hrnui. . .    190,  739, 297 

AggregAte  value  of  dairy  iiroducta  on  farmn,  1 899 . .     472, 369, 265 

The  totals  given  include  the  small  retarnis  from  Alai^ka  and  Hawaii. 
The  average  value  of  dairy  products  per  farm  reporting  waa  $104.64, 
and  the  average  annual  sales  of  such  product.^  per  farm  was  only 
f62.S9.  The  census  of  1900,  in  the  discussion  of  these  data,  expresses 
the  opinion  that,  by  reason  of  errors  and  omissions,  the  totals  above 
are  coosiderubly  below  the  actual  facts. 

BIITTEB,    CHEESE,    AND  CONDENSED -MILK   FACTORIES. 

One  of  the  most  striking  features  in  the  history  of  dairy  farming  in 
the  United  States  is  the  transfer  of  this  productive  industry,  in  large 
part,  from  the  farm  to  the  factory.  The  cows  and  milk  continue  to  Iw 
farm  property  and  products,  but  a  constantly  increasing  share  of  the 
labor  of  converting  milk  into  market  form  is  done  at  creameries,  cheese 
factories,  and  condenseries.  This  change  has  transpired  during  the 
last  half  century,  which  covers  the  period  of  development  of  associated 
and  cooperative  dairying  in  America.  When  the  milk  produced  on 
two  or  more  farms  or  the  cream  from  such  milk  is  brought  together 
at  one  place  to  be  condensed  or  made  into  cheese  or  butter,  domestic 
industry  ceases,  the  place  becomes  a  fai'tory,  and  its  output  a  manu- 
factured product. 

Consequently,  for  censuspurposes,  the  statistit-s  of  the  dairy  industry 
in  the  United  States  are  collected  and  compiletl  in  two  distinct  parts, 
by  different  sets  of  employees,  under  separate  supervision,  and  pub- 
lished in  separate  volumes.  The  products  and  sales  of  farms  appear 
in  the  agricultural  tables  as  one  part  and  the  materials  and  products  of 
the  dairy  factories  appear  in  the  tables  of  manufactures  as  another 
part.  The  reasons  for  this  are  sound  from  the  standpoint  of  the 
Director  of  the  Census,  but  the  result  is  imsatisfactory  to  those  who 
wish  to  study  and  use  the  data.  One  serious  objection  to  this  plan  is 
the  entire  separation  of  the  statistics  of  raw  materials  produced  and 
disposed  of  by  farms  from  tiiose  of  the  dairy  establishments  preparing 
the  market  products.  Tbe  two  parts  can  only  be  adjusted  and  har- 
monized by  violent  methods. 
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The  Seventh  Census  noted  the  existence  of  8  cheese  factories  in  1850. 
The  nOmber  increased  very  little  until  after  1880.  In  1870,  there 
were  reported  1,313  cheese  factories  and  butter  factories,  generally 
called  creameries.  The  census  for  1880  reported  3,932,  and  that  for 
1890  gave  the  number  at  4,712.  The  latter  was  the  number  of  estab- 
lishments from  which  reports  were  rendered;  it  is  well  known,  how- 
ever, that  a  considerable  number  of  such  factories,  probablj'  3,500, 
were  then  actually  in  operation  from  which  no  returns  were  obtained 
for  the  Eleventh  Census.  This  fact  should  be  borne  in  mind.  Although 
the  figures  for  different  years  are  brought  together  in  tables  which 
follow,  as  a  matter  of  record,  direct  comparisons  will,  in  most  cases, 
be  very  misleading. 

The  returns  for  1900  include  the  statistics  of  9,342  butter,  cheese, 
and  condensed-milk  factories.  These  central  plants  have  under  their 
control  2,050  skimming,  or  separating,  stations  and  747  other  branches. 
There  are  also  113  urban  establishments  reporting  the  manufacture  of 
butter  or  cheese  or  both.  These  latter  are,  in  a  few  cases,  creameries 
located  in  cities  and  which  escaped  the  regular  enumerators,  but  in 
most  instances  they  are  milk-supply  establishmenta  which  simply 
manufacture  their  variable  surplus  of  milk  and  cream.  Their  products, 
amounting  to  several  hundred  thousand  pounds  of  butter  and  cheese 
annually,  can  not  be  ignored,  and  these  data  are  distributed  to  their 
respective  States  in  some  of  the  tables  following.  The  total  number 
of  establishments  in  the  country  for  1900  is  therefore  9,355,  and  the 
principal  data  concerning  them  will  be  found  in  the  table  below,  which 
shows  the  distribution  of  the  dairy  factories  of  1900,  by  States  and 
Territories,  and  their  classification  according  to  products. 


Tablr  V. — Oteoi,  butter,  and  amdaaed-milkfactoriei:  Number  of  exlabtitlunent*  in  each 
cliiM,  dtudfied  aecording  lo  products,  by  Stair*  and  Territories,  1900. 
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Tablb  v. — Cheeee,  bttUer,  and  amdawed^ntUt  faclorien,  rtc. — Continued. 
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THE  ASSOCIATED   8T8TEH  OF    DAIKYINO. 

The  statement  has  been  frequently  made  that  the  associated  system 
of  dairying  originated  in  thiu  country,  and  it  has  heen  called  "The 
American  system."  Those  who  6rst  associated  themselves  and  brought 
milk  together  from  diflerf  nt  farms  for  making  butter  and  cheese  prob- 
ably never  beard  of  such  methods  elsewhere,  and  so  were  originators 
for  their  own  time  and  neighborhoods.  But  the  change  was  only  a 
natural  evolution  in  the  industry  here,  and  the  same  thing  had  been 
done  long  before  in  other  lands.  In  the  Jura  Mountain  region  of 
France  and  Switzerland,  cooperative  cheese  making  has  been  system- 
atically practiced  for  at  least  four  centuries  and  probably  much  longer. 
In  the  United  States,  cooperation  among  dairymen  was  first  applied 
in  making  cheese.  This  plan  attracted  attention  and  was  recognized 
as  successful  in  Oneida  County,  N.  Y.,  about  1852.     Very  slowly  the 
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cheese  factory  became  an  e^italtlished  inytitution.  Once  fairly  started 
in  the  heart  of  the  cheese-making  district  of  New  York,  the  factory 
system  spread  witli  much  rapidity.  The  "  war  period,"  during  whidi 
the  price  of  cheese  more  than  doubled,  lent  additional  impetus  to 
the  movement.  A  like  effect  vraa  produced  from  the  increase  in 
che&se  exports  which  oi-curred  about  the  same  time.  These  exports 
rose  from  13,020,817  pounds  in  1830  to  15,515.799  in  1860,  and  to 
58,154,318  in  1865;  t«n  years  later  101,010,853  pounds  of  cheese  were 
exported.  The  early  growth  of  this  factory  system  is  shown  in  the 
following  table: 

Tab]:K  \'r. — Number  of  cheene  /aclorien  ailalilulied  in  Ihe  Saie  of  Xew  York  atmually, 
1854-1866. 
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Cheese  factories  were  started  in  Pennsylvania  and  Ohio  soon  after 
they  became  popular  in  New  York,  and  then  they  appeared  in  other 
States  both  Ea)*t  and  West. 

Making  butter  in  quantity  from  milk  or  cream  collected  from 
numerous  farms  soon  followed  the  introduction  of  cheese  factories. 
Such  establishments  are  properly  butter  factories,  but  the  name 
''creamery"  has  been  generally  adopted  and  is  not  likely  to  be 
changed.  So  far  as  known,  the  creamery  system  of  butter  making 
originated  in  the  United  States.  The  first  creamery  was  built  in 
Orange  County,  N.  Y.,  in  the  year  18f>i,  and  received  daily  the  milk 
from  375  cows.  In  Illinois  the  first  cheese  factory  was  started  in 
1863  and  the  first  creamery  in  1867.  In  Iowa  these  respective  events 
were  in  1866  and  1871. 

The  early  cheese  factories  and  creameries  were  purely  cooperative 
concerns,  and  it  is  in  this  form  that  the  system  has  usually  extended 
into  new  territory,  whether  for  the  production  of  butter  or  cheese. 
There  are,  however,  various  other  fonus  of  ownership  and  manage- 
ment, involving  the  cooperative  principle  in  part  or  being  purely 
proprietary. 

It  was  impossible  to  separate  these  establishments  in  classes  accord- 
ing to  all  the  modificatiotiFj  of  ownership  and  management  for  the 
Twelfth  Census,  but  four  groups  were  made:  Individual,  4,507;  firm, 
1,335;  corporation,  l,.'»yi;  cooperative,  1,813;  total,  9,246.  It  thus 
appears  that  the  proprietary  plan  or  private  ownership  is  now  greatly 
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in  excess  of  the  cooperative  nystem.  The  tendency  haa  been  toward 
changes  in  this  direction  for  a  number  of  yeai'».  In  New  England 
lens  than  twenty  years  ago  all  the  crcameiiei^  were  cooperative;  now 
a  bare  majority  so  remain  in  Maine,  Now  Hamp.'^hire,  and  Massachu- 
setts. In  Iowa,  where  the  cooperative  plan  formerly  prevailed,  less 
than  one-third  still  remain  of  that  form.  Minnesota  creameries  were 
for  years  almost  al!  coopei-ative;  about  60  per  cent  continue  to  be  so. 
As  examples  of  the  other  extreme,  only  8  factories  are  cooperative 
out  of  178  in  California,  only  13  out  of  171  in  Kansas,  and  only  373 
out  of  2,018  in  Wisconsin. 

Although  establishments  of  this  kind  are  usually  successful,  there 
is  misjudgment  and  failure  as  in  other  lines  of  industry.  Many  have 
been  started  by  "promoters,"  injudiciously  located,  or  overcapitalized, 
and  closed  after  brief  careers.  Fires,  consolidations,  and  other  changes 
of  ownership  add  to  the  causes  for  frequent  changes.  Of  the  9,246 
cstablisbmente  enumerated  in  1900,  5,4t^3,  or  over  one-half,  were 
reported  as  established  within  the  preceding  decade,  and  439  as  started 
during  the  census  year. 

During  the  earlier  years  of  their  operation  it  was  not  uncommon  for 
both  butter  and  cheese  to  be  made  in  these  factories  at  different  sea- 
sons, or  butter  and  skim  cheese  at  the  same  time.  A  more  distinct 
separation  has  resulted  from  a  healthy  sentiment  {aided  by  State  laws) 
to  make  full-cream  cheese,  and  from  a  preference  on  the  part  of  cream- 
eries to  have  no  cheese  making  about  the  premises.  The  totals  from 
Table  V,  on  page  28,  according  to  their  products,  are  as  follows: 

Number  making  butter  only 5,275 

Number  making  cheese  only 3,299 

Number  making  condensed  milk  only 38 

Number  selling  cream 47 

Number  reporting  two  or  more  products .       583 

Of  the  last  group,  there  are  571  which  make  both  butter  and  cheese, 
11  which  make  butter  and  condensed  milk,  and  1  which  makes  cheese 
and  condensed  milk.  In  order  to  make  desirable  averages  and  com- 
parisons, and  at  the  same  time  avoid  duplications,  a  rearrangement  is 
necessary,  by  which  the  combined  establishments  are  arbitrarily  but 
equitably  distributed.  This  being  done,  the  following  classification  is 
obtained  for  the  whole  country: 

Creameries 6, 567 

Condenseriea 43 

Cheeee  Eactorics 3. 586 

Cream  shippera 47 

Total 9,242 

No  factory  is  counted  twice  in  this  arrangement.  Recognizing  the 
dual  character  of  some  establishments,  it  is  found  that  there  are  alto- 
gether 5,857  where  butter  is  made  and  3,872  where  cheese  is  made. 
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Under  this  cla&jificatJon  without  duplication,  Iow&  has  the  greatest 
number  of  creameries,  820,  and  WiBConBin  next,  759;  then  New  York 
659,  Pennsylvania  611,  Minnesota  542,  and  Illinois  430.  No  other 
State  has  as  many  aa  20<).  As  to  cheese  factories,  the  Stat«8  having 
the  greatest  number  are:  Wisconsin  1,256,  New  York,  1,231,  Ohio  271, 
Michigan  132,  and  Pennsylvania  132.    No  other  State  has  more  than  90. 

By  the  census  of  1890,  the  three  States  which  reported  the  greatest 
number  of  creameries  and  cheese  factories  t<^ether  were  New  York 
1,337,  Wisconsin  966,  and  Iowa  500.  The  same  States  stand  at  the 
bead  in  1900,  but  Wisconsin  and  New  York  change  places;  these  two 
States  divide  their  establishments  similarly,  there  being  in  each  some- 
what more  than  half  as  man;  creameries  as  cheese  factories.  Iowa, 
holding  third  place,  is  preenunentlv  a  butter-making  State,  with  more 
creameries  than  any  other,  but  only  85  cheese  factories.  During  tJie 
last  twenty  years  creameries  have  increased  in  number  much  faster 
than  cheese  factories,  and  the  system  has  extended  into  new  territory, 
especially  in  the  North  Central  and  Western  States.  A  comparatively 
new  plan  is  the  organization  of  large  companies  which  establish  a  cen- 
tral manufacturing  plant,  and  transport  to  this  the  raw  material  in  the 
form  of  cream  or  milk,  usually  the  former.  This  is  collected  from 
branches  known  as  shipping  stations  and  skimmin;^  stations,  at  which 
deliveries  are  made  by  the  farmers  of  the  neighborhood.  Cream  is 
thus  gathered  and  carried  long  distances  by  rail  to  the  main  creamery. 

The  extent  of  associated  dairying  in  some  States,  especially  Kansas 
and  Nebraska,  would  not  be  understood  from  Table  V  without  expla- 
nations. Although  reporting  only  171  and  93  factories,  respectively, 
of  all  kinds,  in  1900,  there  were  in  addition  307  and  284  shipping 
stations,  or  separating  and  skimming  stations,  in  these  two  States. 
Many  of  these  were  formerly  independent  creameries  or  cheese  fac- 
tories which  have  been  absorbed  by  the  large  companies,  and  thus 
ceased  to  be  manufacturing  plants.  The  returns  show  that  in  1900 
there  were  473  centrifugal  cream  separators  in  operation  in  these 
creameries  and  their  branches  in  Kansas,  and  324  separators  in 
Nebraska  factories  and  branches.  Vermont  is  another  example  of  a 
largely  increased  factory  production,  apparently  out  of  proportion  to 
the  number  of  new  establishments.  Consolidation  and  large  companies 
with  branches  explain  the  facts  there  also,  Vermont  reported  184 
skimming  stations  in  operation  in  1900,  and  382  power  separators  in 
use  by  the  creameries  of  that  State  and  their  stations  or  branches. 

AVEBAOE   PRODnOT  OF   FACrORIES. 

There  is  much  difference  in  the  size  of  the  factories  in  the  several 
States,  In  New  York  and  Penu,-<ylvania  the  creameries  are  small,  the 
average  annual  product  being,  respectively,  57,000  and  59,<XW  pounds 
of  butter.     In  Illinois  and  Minnesota  the  average  is  72,000  and  75,000 
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pounds,  respectively,  and  in  Wisconsin  91,000  pounds.  In  Iowa  tiiey 
are  larger,  with  an  annual  output  of  lO+jOOO  pounds.  Vermont  and 
Kansas  show  the  influence  of  a  few  large  establishments  by  raising  the 
average  to  121,000  and  133,000  pounds,  respectively.  Some  of  the  large 
creameries  make  from  2,00(l,(KlO  to  4r,'KX),0(X)  pounds  of  butter  a  year. 
For  the  entire  country  the  average  product  of  a  creamery  for  a  year  is 
71,730  pounds  of  butter.  Similar  differences  exist  among  the  cheese 
factories;  the  largest  are  in  New  York,  where  the  average  product  is 
97,000  pounds  a  year,  and  in  Wisconsin,  where  there  are  many  small 
factories,  the  aver^^  is  brought  down  to  61,000  pounds.  In  Michigan 
and  Fenosylvania  the  averse  is  75,000  or  76,000  pounds.  The  annual 
product  of  the  average  cheese  factory  for  the  whole  country  is  a  little 
larger  than  for  the  average  creamery,  or  nearly  73,000  pounds.  A 
few  report  the  production  of  500,000  to  1,500,000  pounds  a  year. 
(The  round  numbers  given  are  approximately  correct,  due  allowance 
being  made  for  some  factories  which  can  not  properly  be  included.) 
It  muat  be  remembered,  however,  that  this  represents  only  730,000 
pounds  of  milk  used  by  the  average  cheese  factory  in  a  year,  while  the 
average  creamery  requires  over  1,500,000  pounds  of  milk  for  its 
annual  product  of  butter.  This  does  not  indicate  that  twice  as  many 
cows  are  necessary  to  support  a  creamery  as  for  a  cheese  factory, 
because,  as  a  rule,  the  latter  is  in  operation  only  during  the  paiiturage 
season,  or  about  half  the  year,  while  in  most  cases  the  creamery  makes 
butter  the  entire  year.  In  fact,  the  average  creamery  represents, 
while  in  operation,  the  milk  from  450  cows,  and  the  average  cheese 
factory  300  or  more  cows.  In  the  aggregate,  the  creameries  of  the 
United  States  appear  to  use  all  the  milk  from  about  2,600,000  cows 
throughout  the  year,  or  an  average  of  160  pounds  of  butt«r  per  cow, 
and  the  cheese  factories  use  the  milk:  from  1,130,0(H)  cows  for  half  the 
year,  representing  an  averse  product  of  250  pounds  of  cheese  in  six 
months. 

CSEAHEBIES   AND  THEIB  PRODUCTa 

The  ci'eamery  system  was  introduced  east  of  the  Hudson  Biver  but 
little  more  than  twenty  years  ago,  upon  what  was  known  as  the 
"cream-gathering"  plan.  This  was  a  popular  form  of  creamery 
management  in  some  Western  States  and  in  parts  of  the  Middle  States 
from  1876  or  1878  until  after  1890.  Under  this  plan  the  cream  was 
separated  by  gravity  (or  "  setting  ")  on  the  producing  farms,  skimmed 
there,  and  the  cream  only  went  to  the  creamery,  being  usually  col- 
lected daily  by  agents,  or  gatherers,  from  the  factory,  whence  the 
name.  The  dairy  centrifuge,  or  cream  separator,  made  its  appear- 
ance in  America  in  the  year  1879,  and  has  revolutionized  dairy  and 
creamery  management.  The  popularity  of  this  machine  for  mechan- 
ical skimming  or  separation  of  cream  dates  from  about  1885,  and  since 
14818— No.  55—04 3 
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that  time  "the  separator  plan"  has  been  adopted  by  practically  all 
new  factories  and  has  rapidly  replaced  the  cream-gathering  plan  io 
establitihed  creameries.  The  separator,  operated  by  power,  has  been 
placed  at  the  creamery  and  at  Ita  branches  or  separating  stations;  the 
milk  for  butter  ha»  been  hauled  daily  to  these  places  to  be  there 
creamed  or  separated.  This  radical  cliango  of  man^ement  accounts 
for  the  decrease  in  cream  as  a  "material"'  received  by  the  creameries, 
and  partly  for  the  increased  quantity  of  milk  so  received. 

That  cream-gathering  creameries  have  not  ceased  to  exist  is  evidefit 
from  the  quantity  of  cream  still  included  in  the  creamery  receipts  of 
"material."  There  were  ;io;^,(> 73,958  pounds  reported  for  1900;  of 
this,  63,308,657  pounds  (7,720,6t)tt  gallons)  were  sold  by  the  cream- 
eries, leaving  140,365,301  pounds,  or  enough  to  make  40,000,000 
pounds  of  butter,  being  almost  K'per  cent  of  the  entire  creamery  out- 
put. Iowa  is  a  good  example,  although  not  a  strong  cream-gathering 
State.  It  is  known  that  10  per  cent  of  all  creameries  in  Iowa  are 
conducted  on  the  gathered-cream  plan,  and  7  per  cent  in  addition 
combine  this  plan  with  that  of  receiving  whole  milk  to  be  separated  at 
the  creamery. 

CRSAMBBY    UATBRIALS   AND  BQCIFHEXr. 

The  large  quantity  of  cream  still  appearing  as  raw  material  at  the 
creameries  is  indicative  of  another  change  in  system  and  suggestive  of 
another  great  dairy  invontion.  The  centrifugal  cream  separator  was 
introduced  and  generally  adopted  in  large  sizes,  requiring  steam 
power,  and  of  such  capacity  that  one  machine,  operated  a  few  hours 
every  morning,  could  cream  the  milk  from  several  hundred  cows. 
One  powerful  separator  ia  therefore  the  usual  equipment  of  a  creamery 
and  does  the  work  for  a  whole  neighborhood.  It  has  been  found  that 
the  labor  and  expenses  of  daily  hauling  the  entire  milk  product  of 
patrons'  farms  to  the  creamery,  often  several  miles  distant,  is  too  great 
a  tax  upon  the  industry.  A  movement  toward  relief  to  the  patrons, 
and  economj-  to  creamery  management,  has  been  the  establishiiient  of 
neighborhood  "  skimming  stations,"  equipped  only  with  separator  and 
power  to  operate  it,  aa  branches  of  the  central  plant.  From  these 
stations  the  cream  is  transported  to  the  parent  butter-making  factorj. 
These  centrifugal  separators  in  use  by  creameries  were  first  enumerated 
for  the  present  census;  also,  for  the  tirst  time,  the  branch  factories  or 
separating,  or  skimming  stations.  There  were  returned  9,701  separa- 
tors, and  2,719  branch  stations  of  all  kinds.  While  cheese  factories 
sometimes  have  branches  of  the  parent  establishment,  they  do  not  have 
separating,  or  skimming  stations;  all  the  latter  class  of  subsidiary 
establishments  may  therefore  be  taken  as  belonging  to  creameries, 
and  a  part  of  the  other  l>ranch  factories.  Hence,  if  to  the  5,571 
creameries   there  be  added  2,050   skimming   stations   and   69   other 
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brsDches,  7,690  etttablishmente  are  found  having  use  for  separators. 
Over  2,0tK)  creameries,  therefore,  use  two  or  more  separators.  The 
exact  Dumber  still  operated  without  the  centrifuge,  or  upon  the  old 
cream-gathering  plan,  remains  undetermined. 

The  new  elements  influencing  modification  in  the  creamery  system 
are  the  invention  of  what  is  known  as  the  Babcock  fat  t«st  for  milk 
and  the  adoption  of  the  farm  separator  in  sizes  for  either  hand  or 
power.  Milk  delivered  at  creameries  and  cheese  factories  is  now  gen- 
erally tested  and  paid  for  on  the  basis  of  its  fat  content  or  butter- 
making  value.  Farm  and  creamery  methods  are  so  much  simplified 
b}'  these  improvements  that  many  dairy  farmers  are  prot;uring  private 
separators.  The  State  dairy  commissioner  of  Iowa  reports  Wi  farm 
separators  owned  by  patrons  of  creameries  in  1898,  1,762  in  1899, 
3,332  in  1900,  5.231  in  1901,  8,323  in  1902,  and  16,800  in  1903.  This 
new  form  of  the  "cream-gathering  plan"  is  rapidly  extending;  cream 
again  forms  a  large  share  of  the  raw  material  received  at  the  factories 
for  butter  making,  and  the  next  census  will  probably  show,  instead  of 
a  decrease,  a  very  considerable  increase  in  this  item. 


The  quantity  of  butter  made  at  creameries  has  been  reported  under 
two  heads — "'packed  solid"  and  "prints  or  rolls."  It  appears  that  of 
all  creamerj'  butter,  328,966,590  pounds,  or  78.3  per  cent,  is  packed 
in  solid  form,  and  91,169,956  pounds,  or  21.7  per  cent,  as  prints  or 
rolls.  The  totals  of  these  two  forms  in  the  several  States  indicate 
differences  in  the  market  requirements  and  the  local  customs  as  to 
preparing  butter  for  shipment  and  sale.  In  the  New  England  States, 
the  numerous  cities  and  large  towns,  easy  of  access,  furnish  markets 
where  butter  can  be  sold  directly  to  retail  dealers  and  lai^ly  to  con- 
sumers; for  this  purpose  it  is  prepared  in  lumps,  bricks,  or  prints, 
weighing  a  half  pound  or  a  pound.  Vermont  excepted,  the  cream- 
eries of  these  States  make  twice  as  much  butt«r  into  prints  as  they 
pack  in  solid  form.  In  Khode  Island  and  Connecticut,  with  consuming 
markets  at  their  doors,  8  pounds  of  creamery  butter  are  put  into 
prints  to  every  pound  packed.  In  Vermont,  on  the  contrary,  with 
little  local  demand  and  tiie  necessity  of  shipping  to  market,  about  one- 
fourth  of  the  creamery  butt«r  is  made  into  prints.  New  York  has 
always  been  in  the  habit  of  packing  butter  solidly  in  firkins,  tubs,  or 
boxes,  and  print  butter  is  rather  exceptional  in  the  great  market  of 
New  York  City;  in  this  State,  therefore,  4i  pounds  of  butter  are 
packed  to  1  pound  put  in  prints.  The  Philadelphia  market,  on  the 
contrary,  and  Pennsylvania  markets  in  general,  have  always  been 
noted  for  print  butter;  consequently  it  is  not  surprising  to  find  that 
the  creameries  of  this  State  report  almait  twice  as  much  made  into 
prints  as  the  quantity  solid  packed.      From  Iowa,  Wisconsin,  and 
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Aiionesota,  butter  must  be  sent  long  distances  to  market,  and  naturally 
goes  mainly  in  bulk;  less  than  one-eighteenth  of  the  creamery  product 
in  these  States  is  made  into  prints.  South  Dakota,  even  more  remote 
from  market,  packs  9()  per  cent  of  its  creamery  butter  in  solid  form. 
But  upon  the  Pacific  coast,  local  custom  favors  butter  in  rolls  of  2 
poundB  weight;  accordingly,  in  the  States  of  California,  Oregon,  and 
Washington  three-fourths  of  all  the  butter  made  at  creameries  is 
reported  to  be  in  prints  or  rolls. 


Creameries  which  are  able  to  market  butter  in  the  form  of  prints  or 
rolls  generally  derive  a  benefit  therefrom.  Altbougti  extra  labor  is 
required  to  prepare  butter  in  this  way,  and  packages  and  transporta- 
tion for  it  cost  rather  more,  it  is  a  retail  form,  attractive,  brings  a 
higher  price,  and  can  be  sold  more  directly  to  the  consumer,  saving 
the  commissions  of  the  middlemen.  The  averse  price  obtained  for 
all  butter,  as  reported  by  the  creameries  for  the  census  year,  was  very 
nearly  20.1  cents  per  pound.  The  average  for  that  solid  packed,  for 
the  whole  country,  was  19.4  cents,  and  for  the  prints  or  rolls  2:^.1 
cents.  The  adi-antage  of  nearby  markets  is  shown  by  these  averse 
prices  for  print  butter:  Connecticut,  24.6  cents  per  pound;  Massachu- 
setts, 23.5  cents;  and  Pennsylvania,  23.4  cents.  For  California  cream- 
ery rolls  the  average  is  22.3  cents.  Contrasted  with  these  is  the 
average  price  for  the  packed,  or  tub,  butter  of  Iowa,  Minnesota,  and 
Wisconsin  creameries,  19  cents;  18  cents  for  Nebraska,  and  17  for 
Kansas. 


Assuming  the  .-^ul^tantial  accuracy  of  the  returns  from  t 
of  milk  and  cream  received  for  making  butt«r,  and  of  the  butter  made 
"  from  it,  interesting  computations  can  be  made  of  the  ratio  of  milk  to 
butter  in  the  country  at  large  and  the  several  States,  The  results 
illustrate  the  difference  in  the  average  richness  of  milk  in  different 
States.  The  nearest  quarter-pound  obtiiined  in  each  calcuUtion  is 
taken  as  quite  accurate  enough  for  pui-poses  of  comparison.  It  is 
thus  found  that  creameries  of  the  United  States  require  on  the  aver- 
age 22i  pounds  of  milk,  or  its  equivalent  in  cream,  to  make  1  pound 
of  merchantable  butter.  New  York  appears  to  have  the  richest  milk 
of  any  of  the  leading  dairy  States,  its  creameries  making  1  pound  of 
butter  from  every  21  pounds  of  milk  received.  New  Hampshire 
stands  second,  with  a  ratio  of  21i  to  1;  and  California  third,  21i  to  1. 
Minnesota,  Pennsylvania,  and  Wisconsin  are  alike,  showing  22  pounds 
as  the  average;  then  Illinois  22i,  Kansas  and  Vermont  23i,  and  Iowa 
24  pounds.  Thene  ten  States  suffice  for  illustration.  The  results  can 
not  be  accepted  as  absolutely  accurate;  It  is  probable  that  the  average 
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pounds  of  niilk  stated  for  the  country  at  tar^,  and  for  most  of  the 
States  named,  ia  uomewhat  l>elow  the  truth.  For  the  United  States 
the  ratio  stated  would  indicate  all  milk  contributed  to  creameries  to 
have  an  average  of  3.81  per  cent  of  butter  fat.  For  New  York  the 
average  would  have  to  be  4.08  per  cent  fat.  It  is  not  likely  that  the 
average  richness  of  milk  is  so  great  as  thia.  Nor  is  it  prolialile  that 
there  is  so  great  a  difference  between  New  Hampshire  (and  New  York) 
and  Vermont  in  this  respect.  The  comparison  between  Minnesota 
and  Wisconsin,  Illinois  and  Iowa,  is  believed  to  be  correct;  Wisconsin 
has  large  holdings  of  "special  purpose  cows"  which  give  rich  milk, 
and  the  same  is  true  of  Minnesota  to  a  considerable  degree;  while  in 
Iowa  the  "general  purpose  cow"  is  popular,  giving  less  milk  and 
poorer  in  butter  quality. 

If,  instead  of  the  above,  2^1  pounds  of  milk  is  assumed  as  the  required 
averajje  for  the  whole  country  to  make  a  pound  of  creamery  butter, 
this  would  necessitate  milk  with  an  average  of  3.7267  per  cent  of  but- 
ter fat.  No  State  has  dared  to  fix  a  legal  standard  so  high  as  this  for 
milk  produced  within  its  borders,  and  only  one  has  a  standard  above 
3.5  per  cent. 

The  returns  of  creamery  products  give  evidence  that  the  sale  of 
cream  has  become  a  large  and  profitable  branch  of  the  business  in 
some  States.  The  creameries  of  New  York,  Illinois,  Ohio,  and  Penn- 
sylvania made  sales  of  cream,  respectively,  as  follows:  1,492,936 
gallons  at  53  cents,  1,190,125  gallons  at  56  cents,  787,331  gallons  at 
50  cents,  and  686,316  gallons  at  58  cents.  A  different  and  notable 
case  is  that  of  the  State  of  Maine;  its  creameries  sold  755,845  gallons 
of  cream  at  71  cents  a  gallon,  or  $534,295,  and  this  was  considered 
more  than  half  as  much  as  the  total  butter  sales  of  the  State.  No 
other  State  sold  as  much  as  5IX),000  gallons.  The  quantity  of  ci-eam 
reported  as  sold  by  all  the  creameries  of  the  counti'y  was  7,720,569 
gallons,  valued  at  ^,435,444,  or  57  cents  per  gallon;  the  profit  of  this 
branch  of  the  business  is  seen  by  the  fact  that,  at  the  avci-age  creamery 
receipts  for  butter,  this  quantity  of  cream,  if  made  into  butter,  would 
have  realized  only  $3,438,7.54.  Ordinarily  the  gallon  of  cream  thus 
Sold  would  be  the  equivalent  of  a  fraction  less  than  2  pounds  of  butter. 

Of  this  by-product  of  the  creameries  the  great  amount  of  2,253,494,- 
156  pounds  is  reported  as  "sold,  fed,  or  returned  to  patrons."  The 
total  value  is  given  at  $2,531,460,  or  11.23  cents  per  100  pounds. 
Skim  milk  is  actually  worth  twice  as  much  as  this  to  faimers  who  use 
it  judiciously  as  food  for  young  stock.  But  commercially  it  is  worth 
less,  or  about  10  cents  per  100  pounds;  this  is  the  usual  price  allowed 
to  patrons  who  sell  it  to  the  creameries  for  conversion  into  caaeiu. 


■ooglc 
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A  comparatively  new  branch  of  thedairy  industry,  which  has  acquired 
iin[>ortaiice  enough  to  be  observed,  id  the  production  of  commercial 
casein  from  the  skim  milk  of  creameries.  Milk  from  which  all  the 
fat  has  been  extracted  by  the  separator  i^  coaf^ulated  by  acid,  the  whey 
drawn  off,  tlie  acid  washed  from  the  curd,  or  casein,  then  dried.  The 
desiccated  product  has  a  commercial  value  of  3  to  5  cents  per  pound 
at  the  creameries  where  made,  depending  lai-gely  upon  subsequent 
cost  of  transportation,  and  is  used  for  making  a  glue  good  for  paper 
sizing,  as  a  binder  for  cheap  paint,  a  "filler"  for  dressing  wood  and 
heavy  fabrics,  and  for  various  other  purposes.  The  stfttJsticjj  of 
creamei-y  products  show  12,298,405  pounds  of  this  material  made 
during  the  census  year,  having  a  value,  at  the  creameries,  of  $383,581, 
or  only  a  little  more  than  S  cents  a  pound.  The  State  of  New  York 
produced  more  than  half  the  total  quantity,  and  Penn.sy]vania  and 
Illinois  are  the  only  others  in  which  over  1,000,000  pounds  were  made. 

CHEESE   FACTORIES  AND  THEIR   PRODUCTS. 

The  management  of  the  cheese  factory  is  in  some  respects  similar  to 
that  of  the  creamery.  Patrons  deliver  at  the  factoiy  daily  the  whole 
milk  while  still  sweet  and  sound,  and  it  is  made  into  cheese  without 
delay.  Cheese  is  usually  the  only  commercial  product  of  the  factory, 
and  the  only  waste  product  is  whey.  The  latter  maj'  be  i-eturned  to 
patrons,  or  fed  to  hogs  at  the  factory,  or  M>ld  to  be  used  as  the  mate- 
rial for  making  sugar  of  milk.  For  a  score  of  years  or  more  after 
these  factories  became  numerous,  the  cheese  from  them,  although  dif- 
ferent in  form,  size,  color,  and  quality,  was  nearly  all  made  upon  the 
same  general  plan,  closely  i-esembling  that  of  the  English  Cheddar. 
Hence  a  certain  uniformity  of  type  wa«  established  which  became 
known  as  the  "standard  American"  or  "full-cream  factory"  cheese, 
also  often  called  Cheddar.  During  the  last  ten  or  twenty  years,  how- 
ever, a  much  greater  \-ariety  has  entered  into  the  factory  cheese;  this 
is  chiefly  the  result  of  imitAting  certain  popular  foicign  kinds.  The 
recent  census  has,  for  the  first  time,  attempted  to  classify  the  factory 
product.  It  appears  that  the  3,585  cheese  factories  of  the  United 
States  report  a  total  production  of  281,!*73,334  pounds  of  cheese  during 
the  census  year  (as  against  238,035,065  pounds  reported  in  18!Mt),  and 
that  225,776,105  pounds  was  of  the  American  standard  factory  kind, 
and  56,1116,219  pounds,  or  20  per  cent,  of  the  several  other  varieties. 

The  great  cheese  factory  States  are  the  same  as  at  the  time  of  the 
Eleventh  Census,  as  has  Ijeen  already  noted.  In  New  York,  89.2  per 
cent  of  the  product  is  of  the  standard,  full-cream,  Cheddar-made 
variety,  and  this  kind  prepondemtes  in  Ohio,  Michigan,  and  Pennsyl- 
vania; these  are  the  oldest  cheese-making  States.  In  Wisconsin  the 
77,7'18,68it  iwunds  is  divided  as  follows:  American  standard.  (t2.1  per 
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cent,  and  the  other  kinds,  37,9  per  cent.  In  Illinois,  however,  the 
standurd  is  exceeded  in  quantity  by  the  others — i,324,461  pounds  of 
the  former  to  ■Jr,730,651S  ppunds  of  the  latter.  These  "other  kinds" 
comprise  various  well-known  foreign  varieties,  those  made  in  large 
quantity  being  mainly  the  Swiss  Gniycrc,  or  Emmenthaler,  and  the 
Limburger;  there  are  also  some  resembling  one  or  both  of  these, 
espet^ially  the  "  Brick  "  cheese.  The  Neufchfitel  and  cream  cheese,  the 
Brie  and  Camembert,  are  also  made  in  considerable  quantities.  The 
value  of  cheese  at  the  factory  is  reported  as  averting  nearly  9.5  cents 
a  pound,  being  a  little  more  for  the  standard  variety  than  the  average 
for  all  other  kinds. 


The  quantity  of  whey  repoi'tcd  as  the  waste  product  of  cheese  fac- 
tories is  209,067,667  pounds,  but  this  had  a  value  of  only  $204,277;  it 
appears  that  of  thi.'i  only  21.3  per  cent  v/as  sold  and  the  rest  "used" 
or  returned  to  the  patrons.  As  milk  sugar  is  the  sole  commercial 
pi-oduct  for  which  whey  is  utilized  in  this  country,  it  is  probable  that 
all  reported  sold  was  for  that  purpose.  The  quantity  of  sugar  of  milk 
manufactured  was  not  ascertained;  there  are  only  three  or  four  places 
in  the  United  States  where  this  article  ia  made,  and  yet  it  is  produced 
here  in  greater  quantity  than  anywhere  elsp  in  the  world. 

MILK    CONDENSEKIES  AND   THEIR   I'RODUCTS. 

The  condensed-milk  industry  was  started  about  the  same  time  as  the 
factory  system  for  making  butter  and  cheese.  Some  method  had  long 
been  sought  for  preserving  milk,  but  none  was  successful  until  the 
invention  of  Gail  Borden.  After  ton  years  of  experimenting,  he 
decided  that  a  seniiliquid  state  was  the  Iwst  form  of  preservation,  and 
in  1856  settled  upon  the  process  which  ha»  since  popularized  the  prod- 
uct in  every  quarter  of  the  globe.  The  present  extensive  industry  in 
Europe  as  well  as  in  America,  with  its  numerous  different  establish- 
ments and  many  commennal  names,  or  brands,  is  based  upon  Mr. 
Borden's  methods.  This  applies  to  the  unsweetened  article  as  well  as 
that  preserved  with  sugar,  for  "plain  condensed  milk"  was  first  intro- 
duced and  put  upon  the  market  al>out  the  year  1S61.  It  was  then 
mainly  in  open  vessels  and  intended  foi'  early  use.  Between  1860  and 
1870,  milk  in  both  forms  had  become  well  known,  and  four  or  five 
factories  were  in  operation,  each  producing  about  five  thousand 
1-pound  cans  per  day. 

Prior  to  the  Twelfth  Census,  the  statistics  of  this  industry  were 
few;  In  1880,  the  total  annual  product  was  reported  aa  13,033,267 
pounds,  valued  at  $l,547,ri8S.  and  ten  years  later  the  same  items  were 
37,926,821  pounds,  valued  at  *;i,586,it->7.  For  1890,  the  total  materials 
reported  as  used  cost  t2,7!'2,086,  and  included  83,617,656  pounds  of 
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milk  aad  13,372,365  pounds  of  sugar.     There  U  little  doubt  that  these 
figures  were  considerably  below  the  actual  factd. 

It  now  appears  that  in  the  year  1900  there  were  50  establishments 
for  condensing  milk,  operating  in  14  different  Stflte^,  with  a  businesii 
shown  by  the  following  a^rcgates:    ■ 

Milk  bought  {421,378,073  pounds) $4,662,437 

Sugar  bought  (50, 873,859  pounds) 2,589,687 

Cane,  labels,  etc 1,654,897 

Materials  used,  aggngete  co«t 8, 907, 021 

Condensed  milk  (186,921,787  pounds) 11,888,792 

Other  and  inddtptal  products 33, 680 

ProductB,  i«gre«ate  value 11, 922, 472 

The  two  States  of  New  York  and  Illinoia  contain  more  than  half  of 
the  condenseries  reported,  and  produce  o^er  three-fourths  of  the  entire 
output.  Eleven  States  each  produced  over  1,000,OCK)  pounds  of  con- 
densed milk  during  the  census  j-ear.  Arranged  in  the  order  of  great- 
est product,  they  were  these  (the  figures  following  the  names  indicate 
the  number  of  fondenaeriea  from  which  statistics  were  obtained;  the 
number  of  these  establishments,  with  the  position  of  the  State  in  this 
list,  give  a  fair  idea  of  the  relative  size  and  impoitance  of  the  condens- 
eries): New  York  (16),  Illinois  (11),  Michigan  (4),  California  (2),  Wis- 
consin (4),  Pennsylvania  (3),  New  Hampshire  (1),  Maine  (1),  Vermont 
(2),  Washington  (1),  and  New  Jersey  (1).  The  total  product  in 
New  York  was  75,447,148  pounds,  followed  closely  by  Illinois,  with 
71,257,449.  As  the  latter  State  has  only  11  factories,  while  the  former 
has  16,  the  size  of  those  in  Illinois  mu.'^t  be  relatively  larger.  Michigan 
made  18,378,869  pounds  of  condensed  milk,  but  no  other  State  in  the 
above  list  made  as  much  as  5,000,000  pounds.  Missouri,  Indiana, 
Kan.sas,  and  Ohio,  with  one  condensery  each,  produced  from  380,500 
to  100,000  pounds. 

Of  the  50  establishments  reported,  38  had  conde'nscd  milk  as  their 
only  product;  11  made  butter  also.  The  latter  cla^  is  highly  suggest- 
ive of  a  skimmed  or  partly  skimmed  article  of  milk  being  condensed. 
Five  of  these  factories  are  in  Illinois  and  3  in  New  York.  One  factory 
in  New  York  made  both  cheese  and  condensed  milk,  and  one  in  Illinois 
made  both  of  these  articles  and  butter  also. 

There  are  several  interesting  items  in  the  statistics  of  this  indus- 
try. Although  a  considerable  but  unknown  part  of  the  product  is  the 
plain  or  unsweetened  article,  the  sugar  used  for  the  remainder  costs 
more  than  half  as  much  as  all  of  the  milk  condensed  and  preserved. 
The  materials  have  a  total  value  of  88,907,021,  and  that  of  the  finished 
product  is  $ll,9iJ2,472  for  the  whole  country.  But  the  cost  of  manu- 
facture includes,  besides  the  materials,  the  use  and  wear  and  tear  of 
the  factories,  with  their  expensive  machinery  and  general  equipment, 
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aod  the  wages  of  many  Hkillpd  employees.  The  value  of  the  con- 
densed milk  at  the  factoi-ie«  appears  to  average  a  little  over  flj  centw 
per  pound  in  cans.  There  is  a  variation  hctween  0  and  7  cents  in  dif- 
ferent States,  which  is  easily  accounted  for.  In  some  the  proportion 
of  unsweetened  iiiilk  is  much  greater  and  the  cost  and  value  corre- 
spondingly less.  The  quality  of  milk  and  of  condensed  product  is 
very  much  better  in  some  cases  than  in  others,  and  the  consequent 
cost  and  value  are  more.  Under  the  general  designation  of  "con- 
denied  milk"  are  included  all  the  preparations  of  milk  from  which  a 
large  part  of  tbe  water  has  been  evaporated,  including  sweetened  and 
unsweetened  "condensed  milk,"  "evaporated  milk,"  "condensed 
cream,"  and  "evaporated  cream."  These  names  are  rather  indis- 
criminately used,  as  cream  or  even  enriched  milk  is  seldom  condensed 
or  evaporated,  while  it  is  unfortunately  true,  on  the  other  hand,  that 
much  poor  and  skimmed  milk  is  condensed  without  being  so  marked 
or  named. 

MILK   FRICRS. 

Tbe  census  returns  of  the  prices  to  patrons  for  milk  are  probably 
not  altogether  reliable,  although  they  can  not  be  far  from  tlie  truth. 
It  appears  that  for  the  census  year  the  average  price  paid  to  pro- 
ducers delivering  milk  to  butter  factories  was  TT  cents  per  lOd  pounds, 
while  cheese  factories  paid  an  avei-age  of  78  cents  and  condensed -mi  Ik 
factories  $1.11.  According  to  the  returns,  the  prices  for  milk  for 
making  butter  ranged  from  64  and  65  cents  per  lUCl  pounds  in  Kansas, 
South  Dakota,  Utah,  and  Wyoming,  and  77  cents  (the  average)  in 
Illinois  and  Iowa,  to  82  cents  in  New  York,  86  (average)  in  California, 
Oregon,  and  Washington,  90  in  Pennsylvania,  93  in  Now  Harapshii-e, 
95  in  Massachusetts,  and  $1.08  in  Connecticut.  For  cheese  making, 
the  factories  paid  an  average  of  86  cents  per  100  pounds  for  milk  in 
California,  83  cents  in  New  York,  76  in  Michigan,  74  in  Wisconsin, 
and  72  in  Ohio.  Condenserics  are  leportcd  as  paying  96  cents,  per 
100  pounds  for  milk  in  Illinois.  $1.14  in  California,  $1.15  in  Pennsyl- 
vania, and  $1.35  in  New  York. 

AGGREGATE   I'RODUUTIOS    OF   BUTTER   AND   CHEESE. 

The  total  of  1,071,745,127  poimds  of  butter  made  on  farms  and 
420,954,016  pounds  in  creameries  (including  urban  establishments) 
give  an  aggregate  production  of  1,492,699,143  pounds  of  butter  in  the 
United  States  for  the  last  census  year;  and  the  census  authorities 
estimate  that  in  addition  more  than  50,000,000  pounds  were  actually 
made  which  escaped  the  returns. 

It  is  interesting  to  note  that,  while  the  extension  of  the  associated 
system  has  been  such  as  to  raise  apparently  the  product  of  the  cream- 
eries during  the  decade  of  1890-1900  from  15.2  to  28.2  per  cent  of 
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the  entire  quantity  of  butter  made  in  this  country,  the  portion 
reported  from  farms  has  increased  less  than  50,000,000  pouad:^,  and 
has  relatively  decreased  from  fil.8  per  cent  of  the  whole  to  71.8  per 
cent. 

This  aggregate  annual  production  of  butter  ia  at  the  rate  of  502 
pounda  to  every  square  mile  of  land  area  in  the  United  States,  exclu- 
sive of  Alaska,  and  furnishes  a  supply  of  19.57  poundi  per  capita  of 
the  population,  being  14.06  pounds  of  farm  dairy  butter  and  A-dl 
pounds  of  ci'eamery  butter.  According  to  the  Eleventh  Census  the 
per  capita  supply  was  16.33  pounds  from  the  farm  and  2.91  pounds 
from  the  factory,  or  19.24  pounds  in  all.  In  1880  the  supply  was 
15.50  and  Q.58  pounds,  or  16.08  per  unit  of  population.  In  other 
census  yearn  the  returns  show,  for  1870,  a  supply  of  13.33  pounds  per 
capita:  for  1860,  14.62  pounds;  and  for  1850,  13.51  pounds. 

As  a  rule  the  States  producing  the  greatest  quantities  of  butter  in 
factories  are  also  those  in  which  the  quantities  made  on  farms  are 
greatest.  Ohio  is  a  notable  exception;  it  produced  79,551,209  pounds 
of  butter  on  farms,  which  is  more  than  any  other  State,  while  its 
creamery  product  was  comparatively  small,  being  only  8,117,321 
pounds.  By  combining  the  products  of  farm  and  factory  the  fivr^ 
States  which  lead  all  the  others  in  total  butter  produced  appear  as 
follows:  Iowa  .stands  first,  with  139,022,552  pounds,  and  then  follow- 
New  York,  115,606,980  pounds;  Pennsylvania,  111,394,966  pounds; 
Wisconsin,  106,573,740  pounds;  and  lufnois,  86,600,162  pounds.  In 
Iowa  and  Wisconsin  creameries  produced  more  than  farms,  but  in 
Pennsylvania,  New  York,  and  Illinois  the  reverse  was  true.  Accord- 
ing to  the  Eleventh  Census  the  tive  States  showing  the  greatest  pro- 
duction of  butter  were  Iowa.  New  York,  Pennsylvania.  IllinoU,  and 
Ohio;  Wisconsin  held  the  sixth  place. 

Of  cheese,  the  total  production  on  farms,  for  the  last  census  year, 
was  16,372,330  pounds,  and  in  factories  {of  all  kinds)  it  was  282,634,488 
pounds,  or  an  a^regate  of  299,006,818  pounds.  Compared  with  the 
reports  of  the  Eleventh  Census,  the  total  made  on  the  farm  has 
decreased  and  the  total  factory  product  has  increased.  Itut'although 
the  increase  for  the  decade  appears  to  have  been  42,000,0110  pounds, 
the  returns  in  1890  are  known  to  have  been  so  incomplete  that  it  is 
altogether  probable  that  as  much  cheese,  if  not  more,  was  then  made 
in  this  country  as  in  the  year  1900  or  at  the  present  time.  The  total 
supply  appears  to  have  been  at  the  rate  of  4.1  pounds  in  1890  and  3.9 
pounds  in  1900  per  capita  of  the  population. 

The  transfer  of  this  branch  of  the  dairy  industry  from  farm  to  fac- 
tory, which  has  been  so  notable  from  the  time  the  associated  S3'stem 
became  known,  and  which  has  l>een  even  more  marked  in  regard  to 
cheese  than  biittcr,  seems  to  l>c  steadily  progressing.  The  Eleventh 
Census  gave  the  farm-made  chet-se  as  7.25  per  cent  of  the  total  prod- 
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net,  aod  the  Twelfth  Census  gives  this  portion  tus  only  5.5  per  cent. 
Besides  this,  cheese  manafacture,  8o  far  as  large  operations  are  con- 
cerned, seems  to  be  concentrating  in  certain  regions.  The  ten  States 
reported  in  1890  as  leading  in  total  cheese  pi'oduction  were  New  York, 
Wisconsin,  Ohio,  Illinois,  Vermont,  Iowa,  Pennsylvania,  Michigan, 
California,  and  Minnesota.  Of  these  the  first  three  named  still  stand 
at  the  head  and  in  the  same  order;  all  show  a  somewhat  inci-eaaed 
product  during  the  decade.  Pennsylvania  and  Michigan  now  come 
next.  These  live  are  the  only  States  each  credited  with  more  than 
10,1X10,000  pounds  of  cheese  in  1!)00.  California  has  the  sixth  place 
with  a  product  of  6,916,131  pounds,  which  is  an  increase.  The  other 
four  States,  although  following  in  the  order  above  named,  all  show 
decreased  production.  The  cheese  factories  in  these  same  States 
in  1900  (including  establishments  making  some  butter  also)  num- 
l)ered  as  follows:  New  I'ork,  1,2T4;  Wisconsin,  1,286;  Ohio,  320; 
Pennsylvania,  1-tO;  Michigan,  135;  California,  32;  Illinois,  IIS;  Ver- 
mont, 71;  Iowa,  89;  and  Minnesota,  55;  no  other  State  had  as  many 
as  40.  It  is  further  intei-esting  to  note  that  Wisconsin,  Pennsylvania, 
and  California  all  report  increased  quantities  of  cheese  made  on  the 
farm,  while  in  all  the  other  States  named  there  has  been  n  falling  off 
in  this  item.  C-alifomia  produced  4,249,588  pounds  of  farm-made 
cheese  in  1900,  against  2,676,543  pounds  made  in  factories;  this  is  the 
only  instance  of  the  kind  and  the  only  Statfi  reporting  as  much  as 
3,000,000  pounds  made  on  farm».  The  State  of  Maine  furnishes  a 
good  example  of  the  changes  in  cheese-making  which  have  taken  place 
in  some  sections  during  the  last  <{tiarter  century.  Twenty -five  years 
ago  this  State  had  60  cheese  factories  and  now  has  16.  New  York  and 
Wisconsin  continue  to  Ix;  the  great  chiwse-producing  States  of  the 
Union.  They  are  credited  for  1!)00  with  totals  of  130,371,034  pounds 
and  79,384,298  jwunds,  respectively.  Together  they  produced 
209,755,332  pounds,  or  more  than  two-third.s  of  all  the  cheese  made 
in  the  United  States. 

The  growth  of  the  production  of  butter  and  cheese  in  the  United 
States,  as  reported  l)y  the  census  for  successive  decades,  together  with 
the  relative  products  of  farms  and  factories,  is  graphically  shown 
on  Plate  II,  and  the  relative  production  of  the  several  States,  or  of 
most  of  them,  with  the  division  into  farm  and  factory  products,  may 
be  seen  by  the  diagram  on  PUte  III. 

AOOBEOATE    VAI.UK   OF    THK    DAIBY    PRODUCTS   OF  THE    UNITEU   STATES 
TOR   1900. 

From  the  foregoing  statistics,  including  values  reported  or  estimated 
for  different  products,  the  following  statement  of  the  aggregate  annual 
vahie  of  the  dairy  products  of  the  country  at  the  time  of  the  last  cen- 
sus is  compiled.     One  cent  per  pound,  or  approximately  2  cents  per 
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qiiart,  is  assigned  to  the  value  of  milk  consumed  as  human  food,  and 
three-fourths  of  thi^  for  the  milk  fed  to  calves  or  similarly  uaeA  on 
farms.  The  l>y-productM,  which  oonutitiite  a  considerahle  sum,  include 
ccHnniercial  casein  and  sugar  of  milk  as  principal  il«>ms: 

ViUiuv  ufdairtj  ^rw/uiiH,  ISOO. 

Butter $263,256,852 

Chewe 28,060,362 

Condenseil  milk 11, 8S8, 792 

Cream  aold 4,&i7,536 

Milk  consumed 217, 512, 686 

Milk  ted  to  waives 39,000,000 

By-products 41, 04fl,  226 

Total 6a5,31.5,a')4 

To  this  aggregate  should  be  added  the  value  of  the  calves  dixipped 
by  dairy  cows  during  the  year.  There  were  doubtless  nearly  18,OOO,()00 
calves,  which  were  fairly  rated  at  %\  each  at  time  of  birth.  The  great 
aggregate  production  of  the  dairy  cows  of  the  Unit«d  States  may 
therefore  be  placed  at  $620,000,000  to  $625,000,000  per  year. 

TlIE   LBADIMD    DAIBT    STATES   OP   THE   UNION. 

In  making  a  comparison  of  the  different  States  from  a  dairy  stand- 
point, Iowa  is  conspicuous  as  a  producer  of  butter.  New  York  of 
cheese,  Wisconsin  of  botli  butter  and  cheese,  New  York  a^ain  of  mar- 
ket milk,  and  Illinois  of  condensed  milk.  With  regard  to  all  dairy 
interests  and  the  quantity  of  combined  products,  the  number  of  cows 
kept  for  milk  (with  their  relative  average  yield  and  con.sequently  the 
total  milk  product)  is  the  natural  basis  for  comparison.  Hence  the 
five  leading  dairy  States  should  be  named  in  this  order:  New  York, 
Iowa,  Pennsylvania,  Wisconsin,  and  Illinois.  (These  are  also  the 
States  greatest  in  associated  or  factory  dairying,  but  in  a  different 
oi-der.)  Iowa  precedes  Wisconsin  by  reason  of  its  greater  number  of 
cows  and  aggregate  production,  and  Pennsylvania  comes  before  Wis- 
consin and  Illinois  because  of  the  relatively  better  quality  of  its  cows, 
although  fewer  in  number.  For  the  same  reason  Wisconsin,  with  less 
than  1,000,000  cows,  outranks  IIHnois  with  more  than  1,000,000. 

The  same  geneml  subject  may  be  viewed  in  another  way.  Although 
a  certain  number  of  cows  may  be  of  such  better  capacity  as  to  produce 
more  milk  than  a  larger  number  of  animals,  it  is  also  true  that  a  less 
quantity  of  milk  and  its  products  may  have  higher  value  than  a  gi-eater 
quantity,  by  reason  of  accessibility  to  better  markets.  Hence  a  rea- 
sonable basis  of  comparison  is  the  aggregate  value  of  dairy  products 
other  than  those  consumed  on  the  farms.  Of  these  latter  there  are 
no  reliable  data  available  as  to  value.  The  values  of  all  butter, 
cheese,  creaiu,  and  condensed  milk  sold  by  factories,  and  the  values  of 
all  butter  and  cheese  sold  from  the  farms,  are  given  in  the  census 
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tables.  By  obtaining  the  difference  between  the  farm  sales  of  milk 
and  cream  and  the  re<.-eipt»  of  aame  by  all  factories,  the  values  may  be 
found  of  such  sales  that  did  not  enter  into  manufactured  products 
previously  noted.  These  i-cpresent  approximately  the  values  of  mar- 
ket milk  and  cream.  Adding  these  values,  aggregates  are  obtained 
which  represent  the  total  products  of  the  dairy  wold  from  farms,  aa 
follows:  New  York,  *53,3l6,7ia;  Pennsylvania,  »a9,0a9,522;  Wis- 
consin, $25,793,002;  Illinois,  |23,633,96(l;  and  Iowa,  $22,101,777. 
New  York  exceeds  the  other  States  in  every  item  in  the  list  and 
especially  in  its  enormous  Hales  of  milk  and  cream  for  consumption  in 
their  natural  form.  It  is  this  item  which  gives  Pennsylvania  the 
.second  place  in  this  arrangement,  and  Illinois  a  position  before  Iowa, 
although  the  latter  haa  400,000  or  500,000  more  cows  than  either  of 
the  other  two, 

IMPORTS  AND   EXPORTS  OF   DAIRY   PRODDCTS. 

Before  considering  the  supplies  of  different  daii-j'  products  avail- 
able for  consumption  in  the  United  States,  it  is  necessary  to  make 
proper  allowances  for  supplies  imported  from  foreign  countries  and 
for  corresponding  exports.  The  imports  and  exports  of  these  prod- 
ucts by  the  United  States  have  been  extiemely  variable,  year  by 
yeav,  and  especially  the  exports.  During  the  last  half  century  the 
quantity  of  butter  imported  has  ranged  from  29,000  pounds  in  1899  to 
■1,843,0(X)  pounds  in  1871.  The  range  of  exports  during  the  same 
period  has  been  from  1,32-1,000  pounds  in  1869  to  39,236,000  pounds 
in  1880.  A  comparison  of  the  averages  by  decades  is  more  satisfactory 
than  the  selection  of  single  years. 

Tablb  VH.— /mj^n*.  (u.rf  fj-porln  of  IniUer  h/i  the  I'liilfd  .Sin/ra. 
ANNUAL  AVKRAGBt  BY  DKCADKS. 
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Similar  statistics  follow  for  cheese.  The  range  of  imports  for  fifty 
years  has  been  from  334,000  pounds  in  1850  to  18,875,000  pounds  in 
1902;  and  for  exports  3,764,000  pounds  in  1853  to  148,(K)0,000  pounds 
in  1881. 


BUBEAir   OP    ANIMAL    INDUSTRY. 

Tarlb  VIII. — ImiMirlmiiid  trpotit  of  rbefte  hfi  thf  I'ttited  Stattt. 
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It  should  be  noted  that  the  6^rea  for  imports  prior  to  1870  are  oot 
reliable. 

Coodensed  milk  is  both  imported  and  exported,  the  export  trade  id 
this  commodity  being  of  steady  growth.  But  the  Treasury  Depart- 
ment reports  values  only,  not  quantities.  The  best  course  possible  for 
approximating  quantities  is  to  value  imports  at  10  cents  per  pound 
and  exports  at  8  cents.  Upon  this  estimate  the  following  table  is 
compiled: 

Tablb  IX. — Impoiif  nnd  ejinjriK  of  rondfntfd  mUk. 

ANSIAI.  AVERAOBO  FOR  KTATEO  DECADES. 
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The  imports  of  condensed  milk  have  ranf^ed  from  183,840  pounds  in 
1875  to  6,691,850  pounds  in  188t>;  the  exports,  from  181,450  pounds 
in  1864  to  20,582,237  pounds  in  1901. 

OONSUMPnON   OF    DAIRY   PRODUCTS   IN   THE    UNITED   STATES. 

It  is  a  simple  matter  to  compute  the  per  capita  consumption  of 
butter  and  cheese  in  this  country  if  the  aggregate  production  as  here- 
tofore given  is  accepted  as  correct.  To  the  aggregate  of  all  made  on 
farms  and  in  factories,  including  uriian  establishments,  the  imports 
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must  be  added  and  the  exports  deducted.  The  products  being  re- 
poi-ted  for  the  calendar  year  of  1899,  the  imports  and  exports  must 
be  for  that  year  also.  Upon  this  baaia  the  net  quantity  of  butter 
available  for  consumption  in  that  census  year  was  l,4*>5,299,727 
pounds.  This  provided  19.6  pounds  per  annum  for  each  inhabitant, 
assuming  the  population  for  1899  to  have  been  about  75,000,000,  If, 
without  chaugiug  this  ladt-named  divisor,  the  estimate  of  the  census 
officials  is  accepted  oi'  partly  accepted  as  to  butter  actually  made  but 
not  included  in  the  tables,  the  rate  of  consumption  per  capita  would 
be  increased  to  approximately  20i  pounds. 

In  like  manner  the  quantity  of  cheese  found  available  was  278,538,146 
poands,  or  8.72  pounds  per  capita  of  the  population. 

A  similar  computation  may  be  made  for  condensed  milk,  the  total 
quantity  available  being  172,647,355  pounds,  or  at  the  rate  of  2.3 
pounds.  This  result  is  surprising,  but  may  be  regarded  as  approxi- 
mately correct. 

In  making  an  estinoate  of  the  consumption  of  natural  milk  the 
problem  is  more  complex  and  factors  more  uncertain.  The  safest 
method  is  to  compute  the  ([uantity  of  milk  necessary  to  make  all  the 
butter,  cheese,  and  condensed  milk  reported,  together  with  allowance 
made  for  feeding  calves,  and  find  the  difference  between  that  sum  and 
the  total  milk  reported  produced  on  farms,  plus  the  estimated  produc- 
tion by  cows  not  on  farms.  The  quantity  of  "'whole"  or  unskimmed 
milk  available  for  consumption  is  thus  found  to  be  21,761,258,560 
pounds,  which  allows  290.1  pounds  per  capita  per  annum.  This  is  at 
the  rate  of  0.79  of  1  pound  of  milk  per  day,  or  a  trifle  less  than  three- 
fourths  of  a  pint.  To  this  annual  allowance  of  natural  milk  per 
inhabitant  should  be  added  the  condensed  milk  shown  by  the  last 
paragraph  to  be  used  in  this  country.  The  2.3  pounds  of  condensed 
milk  is  equivalent  to  9.2  pounds  of  fresh  milk.  Therefore  the  per 
capita  supply  of  milk  just  detennincd  may  be  rightly  increased  to 
299.3  pounds  per  year,  of  which  over  3  per  cent  is  in  the  condensed 
form. 

An  entirely  independent  investigation  made  during  the  past  two 
years  has  determined  the  best  possible  estimates  of  the  milk  supply, 
and  the  consumption  of  milk  per  day  per  capjta  in  nearly  all  the 
cities  and  many  of  the  large  towns  of  the  United  States.  The  health 
boards  and  officers  and  Tiiilk  inspectors  (where  employed)  have  been 
the  officials  consulted.  The  following  interesting  results  have  been 
obtained: 

A»eriuie  enlimnled  connumplion  r//  milk  per  ilny  jier  mpitii. 

rlnl. 

In  38  citiee  having  each  a  popniation  exreeiling  100,000 0. 61 

In  3H  cities  of  let*  than  100,000  l>ut  over  50,000 6.1 

In  61  pities  of  lew  than  50,000  but  over  2.=i.000 58 

In  120  dtiee  and  towns  of  less  than  25,000  inhabitants 62 
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These  estimates  bear  evidences  of  approximate  accuracy.  For 
various  reasons  the  figures  from  the  medium -sized  cities  are  deemed 
more  accurate  than  those  from  either  the  largest  or  the  smallest.  It 
thus  appears  that  the  probable  average  consumption  of  milk  per  capita 
in  these  257  cities  and  towns  is  le.ss  than  0.6  pint  per  d&y.  After 
careful  study  and  numerous  allowances  for  errors,  0.6  pint  is  accepted 
Bs  the  most  accurate  estimate.  The  population  of  these  257  cities 
aggregates  20, ill ,265,  or  more  than  one-fourth  of  the  entire  country. 
The  rate  of  consumption  by  the  inhabitants  of  towns  and  villages  and 
by  those  of  the  farmo — we  are  still  considering  whole,  or  unskimmed, 
milk — can  not  he  much  greater  than  this.  Ten  years  ago  the  writer 
believed  that  the  rate  was  but  a  little  over  one-half  pint  per  day — 
perhaps  0.52  or  0.53  pint — for  the  entire  country.  At  present,  it  is 
believed  that  0.6  is  a  fair  average  daily  rate  of  milk  consumption  for 
all;  and  yet,  in  concession  to  the  opinion  of  others,  a  rate  of  0,65  of  a 
pint  per  day  per  capita  is  accepted  as  possible.  This  is  practically  the 
same  as  0.7  pound. 

ESTIMATE    OF    IJAIKY   COWS   AND    DAIRY   PRODUCTS   IN   THE   UNITED 
STATES,  1903. 

Based  upon  the  foregoing  statistics,  with  percentages  of  increase 
for  people  and  for  cows  conservatively  computed,  and  other  modifica- 
tions made  for  reasons  explained,  an  estimate  may  be  made  as  follows 
of  the  principal  dairy  data  of  the  country  for  the  year  1903: 

Atjgregnle  prod'irtiim  of  milt,  tMinmted,  /or  1903. 

Poundu  or  milk. 

Product  of  19,000,000  ™wb,  at  3,,S«0  pounda  each,  jwr  annum 67, 640, 000, 000 

Dixpoeitiun  of  the  milk  product: 

1,0.'JO,000,000  jHHindH  of  butter  require 38, 775, 000, 000 

:KiO,000,000  jwiindH  of  cheese  mjiiire 3, 000, 000, 000 

250,000,000  pounds  of  condenwMl  milk  require 1, 000, 000, 000 

20,000,000  gallons  of  i-ream  require 902,000,000 

15,000,000  ralves,  ealimated  to  conBiinie 3, 139, 760, 000 

81,500,000  perfioiif,  at  0.7  ]>ound  jht  day,  will  require  per  an- 
num  ' 20,823,250,000 

Total  milk  accounted  for 67, 640, 000, 000 

According  to  this  statement,  the  cows  of  the  United  States  may  be 
arbitrarily  assigned  to  productive  duty  for  the  year  1908  aa  follows: 

Cowg. 

For  milk,  condensed  milk,  and  cream 6,400,000 

For  butter  (151J  poiind«  eai'h  per  year) 10,900,000 

For  cheese  (;i56  pounds  each  per  year) 840, 000 

For  rearing  calves 860, 000 

Total  number  of  iiiws,  estimate<i 19, 000, 000 
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THI9  SURFACE  RtPRLSENTS 
50,000,000  POUNDS. 

BUTTER  ' 


I 


■■/ 
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SHOWiNS  Cheese  and  Butter  Phochjction,  Six  Census  YEARa, 
[nKloif  and  creunet]'  producUou  ue  ibailed.] 
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GENERAL  AORICt'LTFRAL  STATINTIfS. 

Table  X. — Fnrm  and  diiiry  tliiliniini  oflhe  Vnilrd  Slaia. 
Fmm  the  I'nKeil  Statf*  wnniii  i>[— 


Totsl  penoni!  reporUd  . . . 
Number  tn  Kgrlcnltun . . . 

Total  number 

Acres  UDfiaproTcd,  pcrc4 


Mili-h  a 


Allelht 
Cows  to  ever;  1,000  of  pniiuli 
Utile,  total  prodiwed  on  In 

gallonB  . , 
Butter  modi 


[>nlannii..iiiiuibvr. 


.....1 


IBU. 

18M. 

IWO.O 

lKi,T»S 

3»,6Slt,3Tl 

S1.4U.S22 

m.m 

6,«2.471 

3.221.874 

OUS.SW 

2,flM.9«. 
*rr,73&,»Mi 

2,044,077 

M.9 

5B.7 

M.B 

096,  JTO 

».Mli.  "03,(101 

B.fi4MMS,007 

101,(6.' 

.130,  mn.  429 

24«,I1S.141 

^i.1^ 

l,Si1,27fl.4,-iJ 

1,0S9,3W,916 

Mo,irn 

i.+lJ.f««,6W 

21N 

MWI.SS'J 

8,6R,^,7SS 

)7,0M,2S4 

273 

■^,2t!- 

,'-.ll,092,SS3 

(/) 
4.'i9,SSl,372 
l03,66a,D27 

■■The  Seventh  United  SWlwCtiwiw  ilMi))  (dviii  the  number  of  mil.-li  i 
pm  luctii  for  year.  •I«e,193.l44.  The  Mxth  I'liited  SlHtm  CrnxtH  ilmii)  i 
4.»<37  tM3:  value,  tK  A6.MXIV:  vnlue  iif  ibfry  prdoctn  for  rv«t,  ai^eM,DTft. 

bExelustveol  woiid  rhiippvn.  lumU-rmen,  siiil  mlhimcn. 

'Tlie  value  ol  tiirm  pnidueu  for  1869  (eenau*  of  1070)  IneliHled  "bPltci 
■ln('k,"H>ihBtt'iprodn€liii>nly  then- wan  an  ni'liinl  inrrrane  In  1  "" 
toiHl  value  of  18»,  compared  with  IIWO.  i-howpd  mily  sllithl  im-rwi 

RTt'Ht  liiixeue  tbova  in  IWU  over  IHM)  may  duiiblli'Mi  be  punlally 


/No" 


■c  of  1.' 


IS  and  raniteA. 


milk  pi 


,  nnd  eT3,ast  ivvm  i 
dlSCA.    Then 


imuiired  wtlli  1870.  The 
iBii  liii-n'HNO  in  the  prod- 
tcir  thlM  difference.  The 
;cl  lor  by  more  eomplele 


n  tbcllgiiresslTen 


gurcsHtven 


...,.v  made  Into  butter  _ „^ _ 

eheew  factories"  Han  iiirhi(li.-d.  asalnexi'ludliiK  home  mmnimpllim;  In  IHW  and  nlso  In  1900  the 
renimn  endeavored  toKhow  the  total  (|iiaiitlI|F  ofmillc  iimduivd  on  fntmH. 

to  get  the  toul  nrodupi  oi  ih>'  I'oimtry.    (Suv  Table  XIII. )    The  pmjcn-xKh  e  tniTcawin  the  production 
<rf  butter  and  ctieew  In  the  United  State",  and  themtloof  farm  and  factory  product, !»  gTaphically 


nbyFl 


ell. 


BUBEAV  OP  Aim£AL  INDUSTBT. 
Tablb  X. — Farm  <md  dairy  tlatittiei  of  tlu  VnUed  Stalet — Continned. 


FnunthrU 

nll»]  !>Uhf<  r- 

ennuol— 

isn. 

1860. 

9,366 

cio.iM.oie 

2S2.CM.48a 

186,V21,7S7 
S6,B08.01fi 

«. 170, 670 
109. 1.-.!,  206 
181.1»9,'277 

6U&SIK3M 

238.085,065 

W,  624, 163 
11.921 

5,SW,706 
G1.3M,571 
e2,6M.04S 

S.W2 

215.K8i.Ml 
13,033.2S7 
»,«04,»ai 

l,Ml,4% 

18,363,679 
25, 816. 993 

1,813 

Che^    m«Je    In    ^^M 

101,136,2211 

KmploreeH number. 

Wagu  p.ld,  »nnu»l,.i  dol- 

S.S90.076 
1.607 

706,666 
1*,0W,»1 

16.771,flB8 

3ea,s».ooa 

u.«n 
11 

3.060 
10,™ 
23,100 

Cort  of  materials dollani. . 

Value  of  producU do 

TOUI  dairy  prodQcls  o(  United 

■    ' 

"The  exabllnhmentii  reporled  for 
ii«  appntiiniBtPly  comi-l.  butthiwc 
.a  scilVe  opemliiin  tn  that  j\*t  In  iti 

establishmenU  rcportinR;  ItixbelieV' 


of  Enlier  and  dTevs 


.    Tbe  number  for  ISM  repmentaoolt 
11  ini-nj  w.Te  over  a.uOO  othcrg  in  operation  that  year. 
lint  be  added  tlmt  iimde  iiCrreiimerleaandehe«m  faclorlet 
■V  Tabic  Xfll.)    ThepraKTeivivoincnawlatheprodiiption 
and  the  ratio  ol  lonn  and  factory  produel.  la  siapbleally 


•u  made  In  rrvamcrioa 


■Inrtethuj 
lot  dairy  prortiirw  prior  to  19 


tliua  raacb  below  the  I 


K  XI. — Dairy  tl 
>  Ih.-  T«eltlh  Tna 


BU1«  and  Ten 


I    Dude  at       made  < 


NewUompahlre.. 

Vermont 

ManavbuKtlH 

Rhode  Island 


New  York 

Nevf  Jersey 

Pennsylvania 

South  AllanUu  Division. 

Uarylanil 

Dislriet  uf  Colli  mb!a 

Virginia 

Wc-tViiglnle 

North  Carolina 


17.189,671 

ftlitolt-. 
7.366,392,674 
1.^^.347.473 

1.071.716,127 

120,126,616 

16,372.330 

281,972,321 

3.19«.2,i<l 

206,2HI,451 

119,784,095 

1,509. 190 

113.709.072 

173,  WJ 
116. 036 
270.  IM 

23.660 
128,431 

9B,.W«,l»(t 
60.724,ffl0 
112.l>t2.'i23 
106,.',71.H73 

«(.»1,M62 
772. 799. 3W 

77.7»,(fts 
487. 033,  "IN 

16.174.173 

6.385.611 
IS,  831. 706 

1.980.'M2 
■      4X8,086 

1,591,789 
74.711.376 

5.8W.363 

4,161,399 

5,034,270 
■22.153,381 

4..W1.W9 
118. 1« 

3,888,406 
10,693,840 

1,325,619 
87,187,161 

425,102 
104.389 
406,650 
19,629 
6,751 
40,S!3 
2,634,562 

867,167 

S68.946 

116,711 

4,713.105 

260,512 

S21.SB 

127,386,682 

160, ODO 

10.287.443 

1,3m.  aiB 

J9'il3S,WS 

89.111.226 

3.7r2,0»« 

480,448 

112.860 

1«^! 

M.  (MO,  517 

8W.M9 

1(0,068.428 

83.861.660 

1.629,919 
9,096.662 

19,9(».S30 
16,913,129 
16.913.802 

969.889 
2,  HI,  718 

104 
338,463 

16.000 

20,'i.601 

170,  .-iil 

31,697 
74,  a« 
28,881 

40.860 

'Google 


STATIStKW  Of  ME  DAIBt. 
Table  XL— Dairy  Slatutia  by  Sate*— Continued. 


sssr 

larmii. 

Biit(«rmad<^ 
onlannii. 

Butter 

i-rwunertea 

■S 

Cheae 

iMtoriSJ. 

Sinilh  AtluiUt'  DivUOD- 

Contlnued. 

ymrKKr. 

OaOoiu. 

Ponndl, 

PmmU. 

Pimndl. 

Pmaidt. 

128,  Wl 
276,  «M 
78,830 

«,031.6M 

B,640,1M 

8,i6a,«7 

48  000 

i,m.A4f, 

3. 761 

NurthCentmlDlvWou.. 

».4SO,Wi 

3,«»,eou,3a! 

639,11M,7SU 

271, 736.  w; 

ft.SJO.  122  '  12»,fl2i,9n 

1.007. 6*4 

I67,1M,»5 

M,<«,4S0 

34,055,312 

323,485 

».05&,1M 

7,820,712 
fll.SlS,602 

10.422.682 

' 

^'     'jj^ 

Mw.on.ioe 

B&.  873,240 

low. 

i.m.'M 

8l,789,2t« 

77,233,2&1 

306,428 

4.242,837 

4H,M.s,a«u 

North  I)«koW 

0.17«,SI5 

463.  I*i 

70,  Wl 

2A3W 

South  DitkoU 

99,241,87.S 

136,863 

420.779 

«76,4M 

iM.9(i».m 

41.M0.7Ti 

IH,  198,483 

29I,44.S 

South  Central  Djvliilun  . 

2,JW,2ai 

rta,wio,i(«i 

IdV  923.330  1       1B2,S^7 

473,410 

181,  4<» 

IW,311,Kr7 
H7, 336,961 

28,000 

TeDiie>ee 

SM,676 

'       ' 

' 

26,622 

1S4,  Hlfi 

».»,,.„ 

4,  Bin,  aw 

26'2  714 

166Nf)2 

lodUn  Territory.... 

■ 

312,677 

109,  361, 8« 

21.58&.2W 

18.S<« 

i2:8.0 

WalemDlvWon 

HM.S'iS 

362.467,S,'iO 

fil,20'J.2!» 

23.*iO..'-il 

S..VW.109 

9.M2.9M 

15,6M,2H 

2..W0 

;:eoo 

■ 

isBoe 

163.684,741 

13,147.137 

,, 

200 

4,0»i 

Sa4,120 

1,8,  S71 

12 
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BUBEA0  OF  ANIMAL  INDTJSTKT. 

Table  X.JL~Prograif  of  dairying  in  the  UnUed  Stale*,  IS 

[Tnlled  SiMea  Ceonu  autlMJo.] 

[  EWlnrnmon 

„ (mid*. 


I  Milk. 


Nortli  Atlantic  DlTl- 


t  17,139,674  2»  7.2afi,392.6T« 

1  1S,S11,9B0  I  3M  S,20t.llS,WT 

t  12,443.120  I  248 'r»0,t2>,75e 

)    8.a3S.3St  282    't23S,(«l,S» 

)    8,ES&.73t  273]    Not  given, 

t  I  6,S86,0»t  2TS'    Notglren. 


S,496,2«e 


.4»l.m,673 
,2DS.M».3M 
WS,  672, 071 


243, 167,850 
102,9X7,981 
10S.«a3,037 
106,636,893 


9.356 
»4.712 
3.932  ! 


1,827,341.473 


Mew  Hunpidiliv. 


37.9H0! 


K,  297,9^0  I 

«.071,370  I 

636,281  ' 


444,621  1 

23! 

g72.SSB  1 

2.282.092   . 

' 

3.196.663   . 

256 

6.191,913  1 

124 

6.129.879  1 

86 

H,21.\(W)  |. 

270.171 

61 

BK.'i.aas  , 

2.201.393  1 

22 

4.131.359  , 

5.294.090   . 

7,0«»,112  i. 

""3 

321.631 
67,171  1 

I 

81,976  1 

0 

181.511  1. 

308..W1  1 

N 

not  Include  Ihe  pnducta  [rom 

li  M>Id  or  eenl  to  butler  and  el 
k  sold  Irom  (anun,  goilouH,"  t« 
te  facloriea  onl]'. 
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STATISTIOB   OF   THE   ] 
Table  XIL—Progreu  0/  dairffoig  in  the  OmUd  S 


V  to  i$A>— Continoed. 


South  Atl&DtlG  DItI- 


DM.ColDmUa.. 


Ullk 
product  n 


64,0«),G17 
48,601.218 
a4,T22,9M 
M,  520. 101 


la.iea,' 


r^a 


«.  gallooB,"  cenius,  1S80. 
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)4  BtTBEAD  OF  AKlHAt  tSDOStRT. 

Table  XIL— Aw/rew  ;]  tiairying  in  the  IhiUd  f»aU»,  ISSO  lu  IBOO—CoatxaoeA. 
[Unlteil  Btua  Ceum  suulnlis.) 


°"'7^: 

.,m 

Ci«ui 

Milk, 

Bul«.«ndTenl- 
torlM. 

Year 

.JX. 

1,«« 

Hllk. 

Bntler 

totklliuide. 

(;heew. 

ert« 

ehHw 
torlo- 

I»r 

SDiiUiAlluitlcDlTl- 

~ 

«0D— Contlnned. 

PMndt. 

PinmU. 

VlTBtail. 

IWO 

2H1,S7S 

1« 

106,DM,42H 

20.07fl,»M 

88,897 

10 

373 

im 

273.  aw 

7S,HS,*S9 

IS,7fll,«Ge 

218,18; 

1880 

'J43,0fll 
Ig».4T1 

I" 

"1.2M.4W 

fcaafi,Hi2 

U.S00.028 
6. 979,200 

111.536 

«4.24S 

A 

147 

IMO 

207 

13.404.722 

»),8«f 

11,089,3G9 

438,292 

WeWViiKlnta.  . 

im> 

aft,  (01 

214 

63.(101,060 

lfl.9M,129 

5 

408 

1S90 

im.492 

247 

W,  449, 066 

14,081,827 

96;i>72 

3 

315 

\1<&,VA 

a  7.i0,279 

9,309,517 

196.967 

IKTO 

2W1 

M44.«*i 

5,W4.4Tfi 

32,429 

NonhCwlina., 

1900 

23S.ns 

123 

)l9.S2A.-49 

16.913,  KT! 

2H,888 

384 

INSO 

2M.41C 

IIW 

00,760 

IKW 

2X2,133 

1«6 

"440, 79« 

7,213,607 

67,380 

2 

95 

ino 

196.7J1 

1.17,11.'. 

4.297,  ai 

123,986 

66 

230 

4.7B&.49& 

61.119 

(Q 

IMO 

2J1.JS9 

4.146.290 

95. 921 

67 

» 

44,031,  IV2H 

8,160.437 

348 

IHUO 

107.1H4 

99 

2».BSS,63I 

S,7S7,f*7 

.  X*T6 

0 

222 

IKM 

1W,6B3 

140 

^^4l,m5 

8,196,8(H 
1.401,980 

169 

" 

" 

163,  9W 

3,177,934 

1,543 

68 

1900 

193,2+1 
27ii,trM 

l'J6 

2.9N1.S&0 
15,H»,1M 

4.970 
2.236 

4 

o^^st' 

W,4ai,S32 

299 

■«!,7n 

G'J,2:<4,A0H 

14,1S3,328 

"374,045 

7,424,4!(5 

1H70 

:bi,Shi 

195 

4, 499,  .TO 

4.292 

0 

60 

2K1 

6,4»9.7B6 

16,587 

66 

lUOO 

3»4,-£S 
Ttt.WO 

3«9 

4.6«..'*J 

46,976 
3,761 

" 

Florida 

»  640  431 

122 

113,31W 

2S0 

i,(fi0,790 

'xl.\» 

1,731 

a 

45 

IWU 

*2,174 

I.M 

141).  907 

3U.156 

2.«S 

0 

26 

fil,»22 

3» 

100, 9H9 

SB 

6 

W,9T4 

408.  HfA 

5,280 

K3S 

871,498 

18,015 

16 

Nortb  Centrel  DItI- 



IWBO 

s,  ISO,  284 
ll.';40,»M 

369 

1.809. 900. 32R 
2, 719, 414, 76.^ 

810,841.697 

133,946.093 
110,226.861 

6. 481 

318 

J^ 

S,402,0S1 
3,294.007 

^ 

« 155. 044, 619 
"38.^53,4.^ 

383.4,iS,099 
211,400,42fi 

86,532,670 
14,178,005 

1,648 
3S8 

2.5S6,.'i36 

■28.238,411 



l.A64,219 

m239 

80,AA3,T32 

24,647,518 

Ohio 

IMO 

197 

42fi,S70.S94 
Jt26,92.'i,»>6 

81,522,792 

19,323,528 
22.^JM,054 

m 

520 

3CT,<M» 

32.531,683 

452 

J29 

6.M,390 

240 

'•■22,27,%  841 

n0,'206.37i 

■i4, 153, 870 

196 

279 

48,M3,102 

21,618,893 

263 

.■M4,499 

2H 

a'-UIlk 

90M 

w-wa 

nrt  bullet  tap 

irfCT,  gallons 

■muswIS 

80. 

fc"Mllli 

am  tarmH, 

fMuB 

STATISTICS  OF  THE  DAIBT.  55 

Tablx  Xll.—Prognm  q}  doiryinjr  in  (ht  Uniled  fHalai,  lASO  to  J 900— Contiaaed. 


D.i^oow.on 

Cream- 

Ullk, 

ceo- 

•■s» 

Buller. 
total  made. 

total  made. 

erl«s 

St«t««idTerrt- 

ToUl 
number. 

Per 

l.OOO 
per- 

s 

pel 

North  Centml  WtI- 

OaltoiM. 

Amnb. 

Sunba 

OaHmt. 

Indtan. 

1)00 

574.  W6 

228 

203,457,239 

54,595,879 

1,438,901 

113 

46a 

287 

284 

20O.B1O.797 

60.154,854 

1,191,600 

348 

WW 

m 

»M 

250 

06,723.840 

37, 712, BIS 

1,676,826 

49 

241 

234 

toss,  am 

22,915,885 

391,487 

179 

UEO 

SS3 

1,007 

553 
564 

289 
2D9 

18,306,661 
12,881,685 
86,548.782 

606.795 
9,378,604 

138 

minata 

467,106,995 

iBia 

l.OB 

2»4 

»«7,»9,4e4 

10,  348,  933 

266 

838 

86S 

=  45,419.719 

60,208,972 

240 

ISTO 

MO 

821 

262 

69,258.545 

36,083,405 

5,7S4,0W 

69 

ISW 

3H 

871 

805 

346 

28,052,561 
12,526,543 

'l^Z 

165 

188 

Hloblsan 

906 

809.617,046 

67,872,710 

10,753,7.58 

290 

649 

197 

511 

224.537,488 

62.843,212 

5,370,480 

i«8a 

S» 

K.1 

17,898,273 

38,866,106 

3,953,586 

826 

1810 

160 

859 

127 

6  2,277.122 

W,  400, 186 

2.801,801 

SO 

804 

1«60 

179 

543 

240 

16,503,482 

1,  Ml,  897 

99 

7,005,878 

1,011,492 

2» 

WtaCOTMln 

IMO 

998.897 

483 

472,274,264 

108,552,649 

79,384,298 

2.019 

■m,«a) 

808.701,  IM 

60,35.^499 

54,614,861 

966 

383 

1880 

478,374 

364 

"IS,1B6,»77 

58,842,336 

19,  535,  324 

267 

1S70 

3W 

377 

292 

62,059.105 

22,473,Ca6 

3,28K,W1 

W 

2S1 

1«0 

208 

^ 

262 

13,611,32N 
3,633.7.'« 

1, 104, 300 
400,  ».1 

IT7 

itno 

159 

032 

430 

3W,oi7'iofi 

82.3in.315 

3,57MM2 

596        «n 

WS 

90" 

456 

1H2,  mK.  973 

48,077,504 

4,292,170 

115           308 

19,244.  Ki5 

98,'..  329 

27           216 

1870 

121 

457 

276 

620«,iao 

0,5'22,010 

271,477 

239 

40 

aw 

2,9r,7,673 

199,314 

607 

5 

1900 

W* 

flSN 

535,872,240 
486.961.411 

1S9,».»,5.-<2 

iM,a36,'.n9 

4, 549,  Of.'. 
5,743.934 

600 

«a 

1880 

m 

187 

.VJ6 

n  16. 965.612 

61.665,071 

3.s-rt!,801 

244 

215 

1870 

309 

811 

310 

66f«,«O0 

27.. 512, 179 

1.344.617 

14 

isu 

Il,».->3,6li6 
2, 171, 188 

195 

mv 

^ 

7W 

23K 

209,840 

HlMoqil 

761 

386 

246 

2.^,207,7.^ 

46,949,726 

1.896,190 

lis 

SS7 

1890 

851 

318 

193.931.103 

44,838,168 

68 

228 

1880 

66t 

4on 

305 

"3.173,017 

28,712.98S 

873,549 

30 

136 

1870 

398 

2« 

^ 

6  857,704 

14.4^5,8■i5 
12, 704,  S37 

213.865 

' 

in 

18S0 

230 

160 

337 

7,  834,  3,'i9 

203!  572 

loe 

North  Dakota... 

1900 

125 

.ws 

393 

48,845.280 

9,642,003 

296.280 

389 

89 

6,1.S8,862 

180,874 

301 

Bonth  Dakota... 

1900 

270 

6» 

^ 

99,244.975 
59,6«6.525 

13.619,757 

554,768 

138 

S 
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56  BUREAU   OF   ANIMAL   IKDUSTBT. 

Table  XII.— iVo^m  o/  dairying  in  the  United  Slate*,  18B0  to  7MM— Continued. 
Daln  rowH  on 

ToUl        I. DOC     ' 


Konb  Central  £>1*I- 
glon— Continued . 
DHkota  Territory   1 


2.006,756 
209.  ;3& 
2,170 


40,117 

i,aiia 


JVHmArr  GoSoiu. 


South  Central  DIvI' 


678, 1S« 
741,  JS6 
Its, 333 
123,4^ 
IS,  MO 


2(ll,6a8,Oe9  '• 
1,360,235 
M«e,«62 


IM.  811.827 
1I8,497,2S» 


289.216 
247,175 
321,678 
315,311 


230.537 
127. 791 
2M,318 
310,158 


0,434,952 
1,683,244 

e,  022, 758 


15.302,951 
'4.208,771 
I4,0e2.4ai 
14,132,885 
11,821,381 
10,831.0 


12, » 
2,714,155 
2,73S,8<6 
1,275,  S71 
211,807 

29,045   . 

«&1,M9 
349,667 
276.923 

311.498 


58, 4W 
861,219 

190, 400  . 


B,  380,877 
7,889,989 
9,671,089 
.0,017,737 
8,139,585 
9,189,321 
4,548.485 
7,997,71 
3,213,75 


214,281 
IR4.315 
167,233 


■ooglc 


BTATI8TICB   OF   THE    DAIBT. 
T4BU  XII,— iVoffrew  of  dairymg  m  tU  VitUed  Sbila,  1861 


a  }900-~CoatiajmA. 


South  Centnl  Mvl- 

OtElkhonw 

IndlaDTerrlloiT. 


IM,ST6      504   

861,023      28^      2ai,3U,S1 
..l»3,U9       449  I    IIS,t7A,3^ 


32,76S  L    228 


Kfi2.ieT,9SO 
202,»4»,2O; 
a  IS,  801,068 
1 4, 043, 087 


SS.MO.ni 
19,6X0,791 
n  608,706 


S,  066.109 
709,225 
o 42, 618 


an,  WO 

5,105, 7I!> 
21,753,838 


295,589 
I,0a'2,lH5 


U,a42 
276,128 
96,299 


16,810 

30.068 

14, 932,061 

6,519,870 


78,  MB 
30,924 
11,512 


.y  Google 


58  BtJBEAV    OP   ANIMAL   INDUSTBT, 

Tablb  Xll.— Progrfi*  of  dairying  in  Ot  UniUd  Stale*, 


1850  to  /flOO— Continned. 


11, sn 

IS,6(M  I  fttl 

»,2T3  '.  nui 

13,319  I  11& 

a.iTi  H7 

MT  j  1S6 


Milk 


4,Mt,0n 

>  149. 3X8 


-A(M2,276  ' 
"107.367  ' 


1!>90  '      317.:!nl  !    -Itli 


total  m&do-  cheeA-> 


Milt. 


Z,9S2,836  ' 
1,091,733  I 
311.241 

lll.M} 
10,570,527  ' 
3,4B3,T» 
], 404, 066 

407,  SUA 


BB.CdS  i 
G3,331    ... 
30,9K    ... 


323,853 
117,196 
4,464 


17,46.'!  , 
12,148  . 
1. £62,320 
49G.  116  , 
»9,73i 
119.3R3  [ 
1IB,37«  ,. 

4.932.797  ' 
3.7'J),739  I 
a,39^071  I 


Tbec 


"-Mllkn.ldurNi'niiol 
<-XIl  Ih  tnkrn  enlin-  Ii 
uo  Hri'  i-umpuieil  trum 
ni->il_i>t  A£rlcultii» 


el<i  iHT 


BUI  thiw  nKUrei  Hrc  iiii.ilcHdlng.  becaiuv  thplr  baA 
nnucK  Die  uilLk  yli-ld  wiu  iiiit  reported.  For  13.%i)Dil 
iriniwerp  given,  and  the  avera^  milk  >ield  per  «iv 


IHtiOonly  Itif  biiKfr^nd  cliww  omdi     __ „ 

cnilmali^  «n>i>(^>iu>l)'  by  Tediii'Injt  Ihe  ri'ported  prntliioWtoan  ™uli 

thi'  number  ol  cnws.  Tlic  ciiw.h  were  Ihiu  crL-diled  wllb  onl;  aiich  mm  a.1  was  made  Inlo  Di 
chei.«c.  For  lfl70  and  IWiO  the  mme  plan  wsh  folli>»ert.  bill  milk  sold  btlng  also  reported, 
added  to  Ihat  manuFatlured  on  fannn;  Ihe  larfie  quantity  of  milk  mnauoied  on  famu 
omilted  from  the  romputatlon.  For  IWO  Ihe  cenmis  n^rted  Ihe  lotal  milk  product  lai 
time;  thi*  being  dlrcc'tly  divided  by  [be  number  o(  pnKluelng  cowa.  apparenUf  glvei  th' 
averace  yield  per  eow.    TblB  subject  li  discuned  on  pagu  IT. 
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STATISTICS   OF   THE    DAIRY. 


Tablk  Xlll.—Diiirning  in  the  VniledlSlKl" firr  li 


Slates  ■ndTenllorlc*. 

»„„^ 

r.lted 

Milk  producl 

rrponeit  plun 

istLnuted 

milk. 

Total  bulKT 
mule. 

PtmnOt. 
1,492,899,143 

r«. 

ohotw 

riiwl  mim-  1 

•^rl.OUO 

,.,„»™! 

Z37 

7.r.tH.A83.M9 

3,i-*B,eK.-i 

171 

1.1«7,IK1,1»< 

32fl,29U.2Ut 

Maine 

1UI,7S1 

19».<.-(i 

m.S21 
1,S37,«1 

1,022.074  t 

71 

'i 

B2.*t9,ll.'i 
H.M8],273 
112,  «M,  823 

13,672,837 

71.W3,1H7 
7S0,W8,O27 

I*2,«.'i0,as.-| 

20,63B,,m 

41,2W,(«7 
»..'*«.27-J 

11.1,606.980 
111,394,981! 

979.  OW 
221.080 

XewYork 

New  Jersey 

Peniuirli'uilH 

130,419,747 

124,877 

11,124,610 

Soiilh  AllBQtlc  DlTldon 

l,J7.l,7K7i 
M,64.'i 
157,  SM  , 

Boi.we  j 
i»fi.a3» 

M8,9«2 
M.274 

111 

TM,  SJ-I,  IBS 

92,IJ0!l,aB 

593, 3W 

i 

13,IB1,«« 
68,924, 1B7 
1.11K,3W 
114.. MW.  203 
B9, 631,736 
W,  974,824 
48. 614.803 

K.3m,m 

2,S90.H3K 

8,478 
20,076,8.« 
16.975,220 
16,913,S02 

8,150,437 
1,-.,  160, 454 

1,3S6,44^ 

' 

2,236 

Norlh  Centr.1  Divlilcm 

B,ftn,NW; 

339 

3,«]7,7W,a7H 

Wl.071,8S3 

1S4, 199,094 

Mlt,8S2 
1,0M,4M 

l,OK,*lll 

■SB.SfO  ■ 

811,.™ 
SW.Mfl 

209 
2« 

4M,0»9,I«0 
4NH.fi3U.914 

281.673,95,'. 
61,,S!2.KH0 
103.  70ft, 'i2,-i 
202,976,111 

67,901,440 

W,  3113,  315 

47,027,916 

2!)..-)T3,077 
46,I+1,!13» 

i 

Illlnol* 

381,901 

S"iith  Central  WvlxEnn 

3,I03.]M 

a-jo 

l,O70.«]«,3.-.3 

186.9W.2V4 

654.909 

Kentucky  

.302.1-29, 
31fi.'J17 

174 
20* 

I70,613,4.S2 
161.-16,636 
106,743,4.11 
10,'i.0.'.7,«IJ 
4.'.,lftJ,688 

4B.2'.'6,3ai 
90.614. 4H0 

30.733.010 
2».S'20,610 
19,139,321 
18.929.761 
4.918,229 
48,214.200 

8.t^l,^W 
.M0fl,7I.'< 

46,374 

LoulBlana 

Arksnwin 

3^:^ 

oTsbleXIIlKlviwIliei 


,  niid  tliu  [iroiliK'l''  i)f  dairy  establi-'b- 


60  BCKEAU   OF   ANIMAI.    IKDU8TEY. 

Taslb  XIIL— Ztatry'iiT  tn  Iht  l'nit»t  SUUe»M  1900— Coniinaed. 


EUtCK  and  TenlKirte*. 


Toulnum-lperl.COO. 


VfjomlBg  .... 
.VewUextni.. 


WMblnstDii . 

(-■lirDmU... 


1  »*-^*» 

X» 

ni6.au,«E 

Ts,aie,«6 1 

14. 182,  OH 

in: 

n.2M.ew 

Z.488.31D 

30.  «H 

i»,»a 

S,M6,IM 

S13,(fi4 

26,  sn 

ioe,B»7 

201  1 

i%HA.m 

«.M>,U1 

i,6e*,*4i 

W,l» 

3.»iS,6K 

«,S7l 

llt,M>l 

!.>7\7M 

8iB,aM 

407,  (H7 

74,  Ml 

268  : 

28,1M,6«; 

6,SIl,n6  ' 

2. 043. 430 

l.ll«,iBS, 
2.S62,S86 

174.232 
991.332 

H.aao 

m 

18,863,(73 

iia.ou 

»,791,6»0 

10.670,827 

],Oa.736 

is2,Me 

m 

M,*SB.«8 

10.  OK,  807 

i.eei,m 

836, 7M 

230 

162, 962.  «G 

M,iM,m 

0,026.131 

4,2» 

11R.S7I 

12 

Tahlb  XIV. — fittWfT,  rhfv,  mid  nnidejtteil-miU  /adoric*,  hiriiuluig  aU  ' 
iind  urban  dairy  ftitd>li»hmenl». 

Uall«a  Htate"  lor  leOD,  IIVO.  ISW,  1870.) 


.[Fnnn  the  ei 
ToMa  [or  the  Tnllei)  Ht 


Number  ol  entablhihinenOi  reporting , . 
C«iitl*l  employed,  i, 
Planl.  loUl  Vklne.. 

Land 

Bulldlnga... 


...rto... 


Live 

EipeiiKw,  toUl  ■miiutil clo I 

EmplciyeHi r veimftF  number. . 

Tol«l  wane"  [jBlrt ilollan...' 

MalerialK  used: 

AggrefM  cml di.llBn. . ! 


..poundn.., 


Foel,  coW 

Rented  power  And  hm 

Hillnippllm 

PMKfat 


749,»13,ill*     2.ltf^4..^'lO;.'il■  ' 

22,007,616           16,»'i3.»K         «,flW,.107 



14,0».M4 

.,,rz?d,,vG00^Ic 


STATISTICS   OF   THE   DAIBT.  61 

Tablb  XIV. — Butlrr,  cheete,  and  condfTtted-milk  faetorim,  dc. — Continued. 


ToIalK  for  Ibe  Unlled  8tMe«. 


PrwdiirW: 

AgtiTVgkle  value... 
Butter,  pvked  nil 


Qiumllly 

... pound.. 

Vulue 

...dolUn. 

Butler,  prtnw  OP  rolli^ 

Quality 

...pound... 

<i.»».jMty 

...pound.,. 

CwmiiiDld- 

Qu^tity 

...eaJlon... 

<:beae,  »t««Uid  (.ctory- 

Q""ntlir 

...pouud... 

Chee«w.»ll  other  in»d^ 

Qiumtltr 

...pound... 

Chewe,  MM  miWle- 

Ouuitttj: 

...pound... 

QuMtlly 

...pound... 

8ktm  milk,  valu.- 

l>riedi»eln 

do...- 

8  I      le.  771,1 


]0,Ml.ia3  !. 

«n.«M.oia  I 


282.«S1,«<H 

!S8,0a,0«.'i 

M.biQ,m 

19.g(B.»l 

sa,  921, 787 

S7,ftM,821 

11,>«R,79S 

3,6tl6,9Z7 

t.SU.WS 

aM,2SI 

.™,<18 

377, »4 

All  olhcr  produr 

NoTi.— In  ihl«  tuble  (he  flgure.  In  the  toIuihd  lor  IMOreluM  to  cheew  I.rt<irlei,  no  other  prod  iic'l 
bein{[  repunrd.  The  columti  lor  ISSOrcaulnw  no  explHuutliin  except  that  m  thlx  lime  bmtcrfiiL'Uirie!! 
or  cre«mrrlc!<  lud  beenme  numemu.,  althoiiKh  Iheir  produce  whs  but  little  more  than  one-lhlrd  In 
value  of  tbe  laclorr  cheive  produced. 

ForlH901l  Khould  be  iioiea  that  the  llgur<-!<  are  from  the  "number  of  eslabllahment.reportitig.''    It 

the  number  reported  In  the  table.  The  amreKate  [irnduetf  oTflLctor;-made  bult«r  and  cheew  ihii. 
Hhown  must  be  conriderablv  lew  than  ttieacIUHl  output  ol  eilnlliig  [acbirlni  Ttie  ,-rnmi,  rvtiirra,  „l 
total  dalrj'  pnidurt.  o(  the  rnlied  States  tor  If "■ — ' —  ■-  "-' 


of  dairying. 

cre«nerle«,  ai 

butler  nude  < 

In  191X1  the  I 


1.  mcrcaidni 


I  thecoopi 
?e  thi!  adven 


g.  although  the  tiuantlt]'  ol 

t,  glvlDE  the  Inngcfi  avcragi 
T  27  hquare  mlh-":  Vrr 


larc  mile.,  and  P 
L-.II,  III.  Hiidn 
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BUREAU   OF   ANIMAL    INDUSTBY. 


'. — Xumlvr  and  ralnf 
aniiniiln.  i/rarly,  IfCl 


'  mlMi  roirg  in  Ihf  f'Hitrd  Stata,  and  of  other  /itrm 
a  I90S,  JiW'uriir,  u-ilh  a  feu-  rarliir  f/nirii. 


il  Reports  of  the  Depanmi 


•r  Agrirullure 


K,5tli,73S 

261.C43.3;,'> 

17,034,284 

10.OW.6UO 

SM,«0,-« 

15,3W,600 

1346,9^,440 

16,/12,aO 

869,910,  OK 

10.  SB.  SO* 

3»,«B.»re 

!6,1W»,»00 

2n,Be2.sg8 

10.f.T.S,9O« 

3u.3.vi.uai 

16, 113,  WW 

SiB.2m.7f^-< 

10.T0V30I) 

299.609,309 

16,21)1,100 

310,M9.«03 

10.906.1W 

16,313,400 

3»4,»8.8.'» 

l,0fl.\400 

3a},M6.72n 

16,7M,3O0 

319.S2S..109 

11.M0.X00 

307, -W.  ill 

17,966,100 

307.lDft.3H6 

11,300.100 

'21IH,<99,'I66 

i9,-i:M,8oa 

SS., 511,703 

11,)<:«.400 

2'ki,9M,»2Ji 

329,.>I3,327 

12,027.000 

279,899,430 

21,231,000 

341, 761, 1-M 

12,36».E&a 

■M6,'J77,060 

20,938,710 

362, 861,. 109 

12,8I1.«32 

326,1«9,S10 

23,2»0,23K 

463,069,K)1 

S96.,'i75,40fi 

2»,(M6,077 

611,549,109 

13,  Ml,  20* 

423, 4W,  M9 

M,W6,101 

683,229,064 

is.iM.-ra 

29,S66,B7S 

a»<,382.913 

»«,9W..i2S 

31,275,242 

661.936.274 

H.  KB,  083 

378,739,689 

83,311,7.10 

663,137,926 

84,878,363 

611,7S0„-S2O 

1S.2W..!M 

368, 226, 376 

35,082,417 

697. 'as,  812 

IS.SK.WR 

S,'i3.1S2,lSS 

36,849,024 

560,625.137 

1S,01B,W1 

316.897.900 

36,g7fi,6*8 

W4, 127,90" 

16.416.3.11 

351,378,132 

37,6,11,239 

670, 749,  IM 

18,<M.»17 

317,299,711.1 

»1,  9M,  196 

M7.88-A2W 

lfl,4B7,Wa 

S5K,98S,66l 

3«,n08,16" 

^36. 7S9, 747 

I8,S04,6M 

36'2,™t,729 

482.999,120 

16. 187,  W. 

sea.a.w,,'^?, 

;e,oti.i,409 

5«*,9211, 416 

1B.»I1,7Z7 

369,239,99a 

30,Etf<,408 

.107.929.121 

16.M0,W6 

W,2«l,197 

612,296,634 

IS.  990.  lis 

474,2S3,9'J5 

27,904,226 

637,981,13.1 

18.292,360 

SM,S12,106 

6S9,4«6,2.10 

16,833,»7 

fiOr,,  093,077 

4.^,500,213 

»0li,644,00H 

16, 696.  "02 

W,  130,  324 

44,727,79" 

839,126,073 

i7,mi«7 

"'-"'■■" 

44,6.19.200 

821,054,902 

n  Kxi'luslve  cil  hflBB, 

ne  of  iho 

Kun-i.  abovi- 

Mtnt  i-xac 

lly  wdh  Ihw 

latat. 

.'.'.'.y.'.'-'.'.'.'.'.'. 

.089,829,915 

K.-7I,  319,461 

,aj2. 327.377 

«8».257,S87 

,810.142,711 

6W.  707, 916 

,659,211,933 

681.463,967 

,684,431,898 

668,927.106 

,619,944,472 

846,370,939  , 

,618,012,221 

632,446,986 

,647.719,138 

810,206,631 

,576„1Oi,083 

,573.264.808 

;^S:^ 

613.296,611 

687,954,325 

,721.T96,'JJ2 

61,5,824,914 

,908,468,2,12 

7l(.'.,CMl,aOe     2,338,215.763 

833,734,400     2, 487, 868, 9!4 

862.282,»<7 

,418.428,383 

901, 685, 7K     2,4ao,,5W,988 

946.096.154  .  2, 409,013, 41» 

981,194,827' 

978.516,5*2  ' 

,418,766,028 

941.823,222 

,329,787,770 

1.007.688,688 

,481, 7^1, 698 

992.225,185     2.483,506,611 

769,224,799 

,170.816.761 

576,730.SM 

,819,««.30B 

500,140,186 

,727,926,084 

162,649,396  1 

,6(*,4I4.6J2 

478,362.407  1 

,891,,177,471 

,997,010,407 

603,969,142  '"■ 

,042,6.50,813 

8K.1,200,16« 

,On,2&l,076 

968,935,178 

1.989.170.1,50 

1,030,705,969 

.102,51.\,5I0 

Tliu  VKluci  [rum  1870  lu  lo 
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STATISTICS   OF   THE    DAIRY. 
Table  XVl.—F.irm  itata/iai  by  StaUt. 
[From  th«  Twrltlh  L'nited  8Iat««  CeiiHim,  IWO.] 


gtatm  aim  Terriwr!e«. 
The  United  HUlen 

76,  SOS.  387 

"laagrl- 
cullure,' 

10,<88,m 

A-BlBtNT. 

S,739,«i7 

S 

«nrt  rangii-. 

■Vmndn-. 
a-.,  349,868 

North  AUwillc  DlvWon 

21,0«.«96  1     l,l)74,m           fi77,60U 

96 

3, 496. 26a 

i,sr«.s.'iO 

i.m.m 

6.9C«,115 

T6.923 
»t.7«! 

M,796 
875,  S90 

»«.7W 

29.824 
JJ,-15 

■Ml,?* 

H6W 

106 

88 
R3 
M 
100 
82 
S6 

1T3,STO 
116,096 

™;« 

M.660 
l'JC,4»» 

Vprmoat 

1».1«2 

■  036 

53,324 
42.K92 

South  Atlantic  DItW™ 

IO.«!IHW 

i.OM.WS 

9ev,2» 

IW 

l,»0.319 

■i.  100, 982 

1W.73S 
1,1(W,W4 
CT8,71N 

aw,** 

1,I191S10 

19,  OW 

U.M4 

i,.twt 
s»a,fflB 

K.WJ 
«.012 

187.  SUB 
92.87) 
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Tabix  XVIII. — Poundt  of  cheru  and  buOo'  produced  firr  giiaaTt  miUoj 
earh  StaU  and  Territory  in  1900. 
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Table  XX.—Ai'emge  value  of  n  roicin  the  Vnited  fMatet  for  the  ijean  iitnttd. 
[United  SUlen  Oensu*  uid  Depanmeiil  ul  Agricullun!.] 
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their  value*  {ettimates  fumiihed  bij  the  teeretariet  of  the  Tt*pectire  breedert"  amocia- 

[Prom  ttepon  tor  1886.  Uniwd  SWtea  Department  at  ARrlcuLtiire.) 
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Table  XXII. — Qttndh  <if  the  fartory  ^Hem  in  the   Uuted  StaUt—SUiItt,  start,  and 
number  of  fiutoriei,  from  variout  tourea. 
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DAISY    STATISTICS    LATER    THAN    1900    RELATlNe    TO    SETGEAL 

STATES. 

CALIFORNIA. 

[From  the  Fourth  Report  ol  the  Strnte  Dairy  Bureau.] 

There  were  (October  1,  1902)  4,320  farmers  and  dairymen  owning 
herds  of  10  or  more  cowa  who  were  engaged  in  the  production  of 
butter,  cheese,  or  millf.  In  the  same  year  there  were  in  the  State  292 
creameries,  341  cheese  factories,  and  5  condensed-mi tk  factories.  The 
amount  of  creamery  butter  made  in  1901  was  19,017,512  pounds,  and, 
in  1902,  21,593,021  pounds.  The  annual  value  of  the  dairy  output  wa» 
aa  follows: 

Output  of  dairy  pTodud*  in  1900-1901. 

29,730,889  pounds  of  butter (6, 838, 103 

5,679,566  pounds  of  cheeee 567,956 

100,140  cases  of  condensed  milk  and  creaiii 880, 632 

Mi)k  and  cream  connumed 6, 236, 567 

Calves  from  dairy  cows 1,422,603 

Hogs  produced  at  dairies  and  creampritw 1, 641,459 

17,0«7.210 
fhitput  o/  riairi/  priyhwtK  in  IBfjl-Oi. 

31,424,ia>  pounds  of  butter f7, 541, 792 

6,503,441  pounds  of  chewe 702,371 

146,<<S0  cases  of  condensed  milk  and  irreara 564, 7M 

Milk  and  cream  consumed 6, 236, 555 

Calves  from  dairy  eowc 1,568,040 

Skim  milk,  eU:,  made  into  [>ork 1,710,040 


COIXJRADO. 

[From  Ihe  Annum  Report.  N.ivember.  ISO!,  oi  T.  L.  Muu«iii,  stale  D«lr>-  C^mniisKioiitT.) 

The  number  of  creameries,  cheese  factones,  and  slcimming  stations 
was  86  in  1902.  The  total  number  of  dairy  cows  was  81,546,  of  which 
26,160  supplied  market  milk,  20,(KK>  supplied  the  creameries,  and  2.500 
supplied  the  cheese  factories.  The  milk  from  1-2,0(X)  was  used  in 
making  ranch  butter,  and  50O  supplied  milk  to  condensed-milk  fac- 
tories; the  remainder  were  diy. 
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BUREAU    OF   AMIHAL   INDUBTBY. 
V<il>ie  of  dairy  i>roduii»,  190i. 

8,716,000  pounds  rreaniery  butter,  at  25  cents fl,  679, 000 

2,336,000  pouniiB  of  rtuich  butter,  at  20  irenta ^67, 200 

1,788,500  poundH  chijese,  at  14  ceiita 250, 390 

518,400  <anKcondenBe<l  milk,  at  8}  [«nte  (avemge) 43, 1»8 

5,840,000  quarts  cKaiii  ronmimed  and   used   tii   ii-e   cream 

manufacture,  at  16  pents 934,400 

89,936,000  quarts  pure  milk  c<in8ume<),  at  3^  cents  per  quart, 

wholesale 2,922,920 

Sltim  milk  and  buttermilk,  at  one-half  cent  perquart,  whole- 
sale           332,880 

All  dairy  productd 6, 829, 988 

INDIANA. 
n  ItiwnBhIp  vmnavni  retunu  fumtHhed  by  B.  F.  JohnHHi.  Chiel  Indlsna  Buimu  i>(  RtktlMlr*.  tor 

the  year  1«K.] 

Number  of  milch  cowt" 543, 648 

Butter  made  on  farms,  pounds 34, 75S,  464 

Cheese  made  on  fannx,  pounda 6,762,731 

Milk  prwluced  on  or  sold  from  famia,  t^lloDH 145, 602, 678 

Creamerieu 58 

CheeHe  fkctorieu 2 

IOWA. 

(Fnmi  Ihe  IWI  Report  nt  the  Iowa  HIsIe  Dairy  O 


imber  of  palroiw  per  cr 


er»(rf  number  of  «)wa  per  patron 

imber  of  <'rt'anieri<s  Ibat  lue  MBnd'i  Bt[d  1 
imber  ol  cmmsrleii  thai  ii»  Rirrlngton'n  i 


[Fnim  thv  iwn  Report  ol  Ihe  lowu  Stnl 
Xumber  uf  cows  i>er  1,000  persons . 


:  Dalrj- 


Numl>er  of  <-ows  per  wiuare  mile. . 

Numlier  ot  initch  cowh  in  the  State 

Value  of  «>WB 

Numlwr  of  creameries 

Numlier  of  creamery  patrons 

Suitilier  of  cheei«  factories 

flutter  made  in  creameries  and  factories,  pounds. . 
(.'heewe  made  in  creameries  and  factoriei*,  pounds  .. 
Average  price  of  Iowa  butter  at  New  York,  cents'. . 
Number  ot  farm  separators 


77,886,696 

3,511,798 

24.16 


Thp  mimlier  of  farm  spparators  repoi-ted  in  ll^y.S  was  904;  in  18iW, 
1.7(j5;  in  WOi),  3,33^;  in  1901,  5,231;  in  1902,  8,323— showing  an 
increase  of  nearly  60  per  cent,  while  iii  1903  tliere  were  16,800,  an 
increase  of  over  100  per  cent.  The  13  renovatcd-hutter  factories  man- 
tifactured   i,530,388  pounds  of  renovated  butter.     Of  the  "packing 
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stock  "  for  thia  product,  1,4H9,281  pounds  was  purchased  in  Iowa  ana 
3,0tSl,li>7  pounds  was  purchased  elsewhere.  Almost  l,0(Xt,0(h)  pounds 
of  this  renovated  butter  was  consumed  within  the  State. 


KANSAS. 

[Relume  from  Ihe  Slal«  Board  of  AKiiirulnire  Report  for  190;.] 

Number  of  milch  cowB 7»l,ft44 

Value  of  milch  oowB *2;i,  7.Vi,  ;120 

Butter  made  on  farms,  pouncts 27, 058,  B83 

Butter  made  in  creameriea  and  fai^ioriei,  jHiundii 17, 2fl4, 146 

Value  oi  total  butt«r  made $7,517,332 

Cheese  made  on  fomie 147, 179 

Cheese  made  in  creameries  and  factories,  )x)UndB 2,  K78, 476 

Value  of  total  cheese  made $302,  .W5 

Value  of  milk  sold  otherwise  than  for  butter  and  i-heeee. . .  $72.S,  380 

MINNI-BOTA. 

[StBllslIci  funilsheil  hy  W.  W.  P.  McCuDDell,  Stalv  Dairy  ComDiliHlnni-r.J 

fhr  I90g. 

Milk  received  at  creamerieH  and  nheese  tactories,  pouudn. .   ],  151, 684, 174 

Butter  made,  pounds 63, 726, 808 

Amount  paid  to  creameries  for  butter  wld $13,909,888 

Cheese  made,  pounds 3, 2fll ,  1 71 

Amount  paid  b>  cheese  factories  for  cheese  sold $292,286 

Total  for  butter  and  cheese  (fa<iorj-  product) $14,202,183 

For  190-1. 
January  1,  1903,  there  were  in  operation  6K1  creameries  ('^26  cooperative  and  1.^ 
independent  or  individual),  53  skimming  stations,  and  141  cheese  factories.    The 
number  of  cows  supplying  milk  to  creameries  and  cheew  factories  was  382,356. 

Report  iif  Clieddiir  cheeiie  induiir;i  fnr  IHUI. 

Milk  received  by  (actoricM,  jHiuiiils 33, 896, 724 

Cheeee  made,  pounds 3,291,171 

Milk  for  1  pound  of  I'heese,  iiounds 10.3 

Price  pier  100  pounds  of  milk  paid  patrons,  cenl» 75. 6 

Cheese  shipped  outside  of  State,  iK>unds 187,803 

Che«8e  sold  within  the  State,  jioundw 3, 103, 368 

Total  amount  of  money  paid  patrons  for  milk f2r>5, 581 

Total  number  of  Cheddar  cheese  factories 5+ 

The  statifitics  below  couiliine  the  make  of  SwUs,  Brick,  and  Lim- 
burger  cheese  made  in  the  State.  The  report  shows  a  wonderful 
increase  over  two  years  ago; 

tlrpiiri  itf  xiti-el-ciirfi  iii'I'ii'tri/  Jit  IWl. 

Milk  received  by  factoriei",  iwundf 5, 097, 824 

Cheese  made,  |>oundM , .  408, 42fl 

Milk  for  1  pound  of  cheese,  poundti 10. 5 

Price  paid  jiatronsfor  100  pounds  milk,  t^ents 71 

Cheese  sold  outside  Stati',  pounds : 9, 281 

Cheese  sold  within  Stole,  pounds 399,148 

Total  amount  of  money  paid  patrons  for  milk S36, 704 

Total  number  of  sweet-curd  cheese  factories (^4lolc 

14818— No.  55—04 6 
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SEW  YORK. 

'Fnrm  B'^lVii^  \  *,  '■.  ^i*t*r  Ih-|AxiiD<'r.i  of  Ami'-^I(^:Tt,  ft^  ^Err  frooi  'r^<.  L-  FluidFf^  ■*»«*■ 

New  York  has  til  counlie-:  dairr  e^tabliphment^  sre  operated  in  5 
of  tbem.     Stati-tio  an;  a."  follows  for  the  rear  l^fi: 


Im-rvaMro  iiuiulxr  o/ ixiudiIb  of  batter  (iver  liHPO 10,736,483 

I>e<Tm'*>l   niinjtHT  «i  |M>itnili'  of  che«*»e  <-oni[arcil  wilh 

lUtKl 2,671,156 

P>nin>h«f<irie<\i-amrinu<adein  1«>2 6.3»i,711 

Keof iwl  al  milk  tnatuinn  uiil  (vjni)eiu<erie><,  M*t2  i  milk  in 

.jiwuVi 5W,  815,567 

Milkw.1.1,  .|iiar1^ 383,498,501 

C'ri«m  »i.l'i,  niian.' 15,152.3B3 

C'unikniKHl  milk  n.ailp.  .jtiartn 3^. 344, 450 

Thn  prixiuction  of  cheese  is  divided  as  to  variety  as  follows: 
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Map  OF  Indian*,  with  Location  of  CHEAMERiEa,  era 
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XORTir  DAKOTA. 

[From  annual  report  uf  Commlwlcincr  «[  Agilrullure  and  Ijihor.  F..  E.  Kaufman,  amilatant  datry  and 
fund  mmmiMilcintT.] 

Number  ol  cattle,  1902 463, 751 

Value  of  all  cattle »6,287,R8.t 

Number  of  cow»  used  fur  dairying 73,571 

Number  of  cheese  failorieti,  OcWber,  IWKJ 4 

Number  of  creameries 37 

Number  of  skimming  HtatioUH 5 

Number  of  creamery  patrons 1,750 

Number  of  milch  cowb  o«ned  by  pBtrouM 13, 921 

Butter  made  at  creameries,  1901,  poundx 1,796,576 

Butter  made  ud  farme,  1901,  poandM 5, 7*(,  5:SH 

Cherae  made  i>n  farms,  1901 ,  poundH i"),  (153 

Total  value  of  milk  sold $293, 912 

Number  of  creameriew,  1903 56 

Number  of  skimming  slationa,  190:1 6 

Tbc  first  creamery  was  started  in  l«!t5.  Nearly  l.(MM)  separators 
were  sold  to  farmers  in  this  State  in  l!tu2,  so  that  tbpre  are  fully 
2,000  of  these  mat^'hines  now  in  use.  In  addition  to  the  tmtter  and 
cheese  manufactured  within  the  Slate,  many  thousands  of  pounds  of 
cream  were  shipped  to  Minneapolis,  Minn.,  and  Aberdeen,  S.  Dak. 

OHIO. 

[StatLflliro  rompllcd  hy  J.  W.  IMH-kcr,  Cnlumbiu.  Ohio.) 

There  are  in  Ohio  {IW2)  about  JsOO,000  milch  cows,  valued  at 
^25,000,000.  The  farms  on  which  they  are  kept  are  cared  for  by  an 
army  of  80,000  men.  The  <'reamerics,  cheese  factories,  etc.,  are  as 
follows: 


;rc«p 

■era-i 

Priv 
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1  Totol.  1 

1        1411 

'       n' 
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B.I, 

" 

Milk  shlppitiK  niHtlonK 

1           21 

\ 

f)RKtiON. 
|.I.  «'.  Baflty.  siHtc  deiry  iimmlirionw,] 

Number  of  cheese  factories,  1902 17S 

Number  of  creameries,  1902 HI 

Cheetie  made  in  tactones,  estimated,  pounds 2,235,000 

Butter  made  in  creameries,  estimated,  pounds 4, 000, 000 

Dairy  butter  marketed  in  the  State,  estimateil,  iM>undM 3,500,000 

Cream  and  milk  sales,  estimated (1,SOO,000 

Value  of  ilairy  products  (not  including  those  consumeii  on 
(arms!  $3,6»7,000  , 
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The  output  of  butter  and  cheese  in  the  past  two  years  has  increased, 
according  to  the  best  information  obtainable,  about  50  per  cent.  There 
has  also  been  a  rapid  increase  in  the  number  of  creameries. 


■WA.SHlN(iTOrJ. 

L.  MoDoimlil,  aiale  Dairy  Con 


Number  of  creamerte" W7  345 

Cretunen- buiwr |iound»..  4,»«,82S  .  5,'B3,a61 

Number  of  rheeee  laclorlfs '                ST  *1 

Oatput  f rem  cheeae  Iwloiiea imundx..  l.lC«,8a3  |  1.12I4,T3& 

VKRMOXT. 

[From  the  Thlrty-thittl  Reporl  of  the  Vermont  Ihiirymen's  Amoclsilon,  IMS.] 

The  creameries  and  cheese  factories  are  classed  as  follows: 


.  Proprle-    Cooper- 


wiscossrs 

[I.  H.  Emen-.  SUIe  iairy  aud  food  cammiwloner.] 

There  were  in  Wisconsin,  in  1SK)2,  1,151  creameries  and  1,826 
cheese  factories.     Estimates  are  a,s  follows: 

Butter  mtidi!  in  creameries  and  on  fanne,  poumln 118,750,000 

Cheeee  made,  poundw 90, 3(50, 000 

Value  of  butter «23,  74S,000 

Value  of  cheetw $8, 036, 000 

Value  ot  condensed  milk $347, 000 

Value  of  by-products  wold $700, 000 

Value  of  milk  and  oream  conaunied  $8, 500, 000 

Increase  in  value  ot  atock $2, 500, 000 

Total  value  of  dairy  prodiu^s $55, 000, 000 

The  Swiss  cheese  industry,  which  had  its  inception  when  a  little 
colony  of  Swiss  settled  in  Green  County  over  fifty  years  ago,  has 
developed  until  tliat  county  alone  has  over  :i43  factories,  and  the  out- 
put of  500  factories  reaches  15,0(H},000  pounds  annually,  contributing 
materially  to  the  prosperity  of  that  portion  of  the  State. 
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Table.  XXHI  givea  the  number  of  cows  and  cattle  in  countries  where 
such  statistics  have  been  iroUected.  In  most  cases  figures  are  given  for 
two  dates,  showing  increase  or  decrease  in  stwk  raising.  The  figui-es 
are  taken  from  official  documents  and  i^uirh  reliable  publications  U3 
the  Agricultural  Returns  for  Great  Britain,  the  Stat^'sman's  Year 
Book,  Mohr'a  Statistics  of  Stock  Raising  and  Dairying  in  Foreign 
Countries  (Hambui^),  and  special  consular  reports. 


Tahlb  XXIII.- 
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mm  vurloiu  tiuthorlUon 
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Cuba 
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Hungary 
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Italy 
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2.av.,.W6 
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Table  XXIII. — Oowi  and  cattle  of/oragn  eonMrk*  for  tUiied  year* — Continued. 


Netbvrlands 

HewloundUnd . . 

Poland 

Boumanla 

Ruaila  In  Knrope 


Bpaln. 


VSniKA  Klngdon 

England 

Scotland 


iRle  o[  »Bn  . . 
Chumi-I  Mt* 


1,S1<I.TI)I 
275.880 
S,«IO 


T21,<!74 


fiExcliiHlveo(Fol«nd.  l-EjiimMed.  •-Indudn  Aluks  and  Hawaii. 

Some  countries  have  a  very  amall  number  of  <«tt]e  in  proportion  to 
tbe  population.  The  number  of  cows  alone  does  not  show  the  condi- 
tion of  the  dairy  industry,  however,  for  in  many  places  large  numbers 
of  buffalo,  reindeer,  goats,  etc, ,  supply  milk  and  meat. 

The  United  States  is  far  in  the  lead  of  all  foreign  countries  in  the 
extent  of  its  stock-raising  interests  and  the  annual  value  of  its  dairy 
products. 

Dairying  is  carried  on  extensively  and  successfully  in  certain  parts 
of  Europe,  and  some  statistical  information  regarding  this  industiy 
is  accessible,  although  far  from  being  as  complete  as  could  be  desii'ed. 


Canada  has  made  rapid  advances  in  the  dairy  industry  in  recent 
years.  Cheese  is  the  product  of  greatest  commercial  importance, 
although  butter  making  for  export  is  also  receiving  much  attention. 
The  following  table  illu8trat<i3  this  development: 

Kxrportt  of  dairy  jyroduHi  from  Canada. 


..}  7.0M.01B 
...  -Jb.lSa.TSI 
....    IR,336.S28 
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Almost  all  the  butter  and  cheese  exported  goes  to  Great  Britain, 
the  export  of  butter  to  that  country  in  1901  being  valued  at  J3, 142,353, 
and  cheese  at  $20,609,361,  and  in  1902  $5,459,300  for  butter  and 
$19,620,239  for  cheese. 


Ontario  is  the  leading  dairy  province  of  Canada.  It  is  about  four 
timet)  Bn  large  as  Michigan  and  has  less  than  half  as  many  cows  per 
square  mile.  It  produces  about  one-fifth  an  much  cheese  per  square 
mile  as  New  York  State. 

ParHcttlan  of  cheem  and  butler  factorifi  in  Ontarin,  ISOl. 


Product. 

Number 
ries. 

1HWZ,517 

Grow  v«liie. 

to'lnake 

zs 

to  palronii. 

Dtritart. 
IO.RW.5aS 

number 

Crnt: 
9.09 
19.  KS 

Ontario  in  1902  had  2,562,6S4  head  of  neat  cattle,  1.010.746  of  these 
being  cows.  Ui^ng  the  population  of  1901,  we  find  117.4  neat  cattle 
and  46.3  cows  per  1(H>  persons.  The  number  of  cows  per  100  pcrpons 
is  greater  than  in  any  of  the  European  countries,  although  the  cows 
constitute  only  39.4  per  cent  of  the  total  cattle. 


In  Prince  Edward  Island  in  the  season  of  1901,  37,230,775  jwunds 
of  milk  was  made  into  cheese  in  43  factories.  The  amount  of  cheese 
made  waa  3,597,689  pounds,  showing  an  average  of  10.40  pounds  of 
milk  to  one  pound  of  cheese,  and  the  average  price  of  cheese  for  the 
season  was  9,01  cents  per  pound.  The  cost  of  manufacturing  was  $2.11 
per  100  pounds,  and  the  net  value  of  the  milk  per  1()0  pounds  varied 
from  60  to  70  cents.  Twenty-seven  of  these  cheese  factories  made 
butter,  and,  together  with  5  creameries,  produced  633.679  pounds  of 
butter,  valued  at  $132,792. 


New  Brunswick  in  190'2  had  55  cheese  factories  with  an  output  of 
1,910,733  pounds.  This  was  valued  at  9.92  cents  per  pound  and  10.14 
pounds  of  milk  were  required  for  1  pound  of  cheese.  There  were  40 
creameries  which  made  750,911  pounds  of  butter,  with  an  average 
selling  price  of  20.37  cents  per  pound,  and  21.52  pounds  of  milk  were 
required  for  1  pound  of  butter. 


The  cheese  factories  in  Manitoba  in  1902  made  1,093,653  pounds  of 
cheese,  selling-at  10.19  cents  per  pound,  while  the  creameries  made 
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1,406,450  pouiidt)  of  butter,  riclliug  at  18.*J0  cents  per  pound.  In  1901 
about  2,748,lt&U  pounds  of  butter  were  marketed  l>y  fariiiei's,  at  an 
average  value  of  14,04  cents  per  pound,  and  in  11KI2,  :i, 509,425  pounds 
at  an  average  of  14.92  cents  per  pound. 


Nova  Scotia  in  1901  had  7  cheese  factories,  8  creameries,  and  6  com- 
bing butter  and  cheese  factories.  The  producbs  from  these  were 
316,180  poundn  of  cheese  and  366,109  pounds  of  butter. 


British  0>lunibia  in  1901  had  H  creameries  which  pi'oduced  601, S 
pounds  of  butter. 


The  Territones  (of  Canada)  had  19  creameries  in  1902.  Their  prod- 
uct was  586,171  pounds  of  butter,  valued  at  $11H,827,  which  was  an 
average  of  19.93  cents  per  pound. 


GHEAT    DBITAIN    AM)   IRELAND. 


The  number  of  neat  cattle  and  cows  for  the  laet  ten  years  are  c 
pared  in  the  following  table: 


1,762  i|  19IW '  Il,a38,l«0  I      *,066,R; 


In  1902,  for  every  100  persons  there  were  27,3  neat  i-attle  and  9.8 
cows. 

EnHnmleii  priidurlwii  of  milk,  huUer,  iiiiil  clieetf. 


I  Number  of 
COW"  per 
I  l.OUOpop- 


P^Btliiwte-l  I  Entlmsted   1 

[olsl  milk  'Ulal  bulterllotal  cbwse 
produced,  j  produced,  i  produced. 


a  \         HS.BII  I         192,300 


■  Produced  In  K  wevlix  by  7a  pet  ciiit  iif  total  herd,  nt  49  bund  nil  weight .  iir  .151  khJIods.  mt  cow, 
bProdneedin^i  weeks,  tiiklnnS:;  pec  i-eniuf  total  milk  to  yield  HU  pounds  rirbutU'i  per  ton  o(  milk, 
r  Produced  In  SZ  weeks,  taking  W  per  ecac  of  total  mlik  (u  yield  2^X1  poundK  of  ebeenc  per  Ion  of 
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Homemade  English  Cheddar  retails  at  20  cents  per  pound,  while 
imported  Cheddar  cheese  is  13  (*nts  per  pound.  Butt^ir  for  general 
use  retails  very  uniformly  at  34  cents  perpound  throughout  the  year. 
About  15  gallons  of  milk  are  consumed  yearly  per  capital. 

The  returns  from  195  cooperative  dairy  societies  (creameries)  in  Ire- 
land for  1901  were  aa  follows: 

Membership 33, 064 

Sales  of  butter,  value  in  pounds  sterling 717, 902 

Milk  received,  gallons 37,161,  S92 

Butter  produced,  pounds lS,34f>,»42 

Milk  per  pound  of  butter,  gallons 2.4 

Average  price  milk  per  gallon,  pence 3.97 

AveiT^re  price  per  pound  of  liutter,  peni-e II.  22 

Cost  of  making,  per  pouud,  pence 1. 20 

ImparUUutn  in  handredirrighU  {Il£ poundt)  liy  the  IhUrd  Kingdom. 


..|    2,826,862 


Chee»e    l^o'''^*'"*^ 

Y«,, 

i.2m  817  '      **l  874 

The  imports  of  butter  by  countries  in  1902  were  as  follows: 


80,460 

285,765 

Canada 

New  Zealand 

RuBsia 

Sweden 

489,091 

I,703,ai2 

414,141 

2fi,418 

Total 

Prance 

Germany 

3,974,177 

The  cheese  imported  from  Canada  in  1902  amounted  to  1,709,566 
hu nd red w eighth.  Nearly  all  the  imported  cheese  is  of  the  Cheddar 
variety. 

In  1901  the  greater  part  of  the  condensed  milk  came  from  France 
(of  Swiss  origin),  340,118  hundredweights;  the  Netherlands,  S41,209 
hundredweights;  Norway,  100,036  hundredweights;  and  the  United 
States^  73,016  hundredweights. 

VK-rORIA, 

Victoria,  the  leading  dairy  colony  of  Australin,  had,  in  1901,  1,602,- 
384  neat  cattle,  of  which  521,612  were  cows;  thiw  was  133.4  neat  cattle 
and  43,4  cows  per  100  persons.  There  were  238  butter  and  cheese 
factories,  with  372  branches. 
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The  approximate  output,  con:iuniption,  and  export  of  butter  is  a 
follows: 


Poundf^        Pntindt. 

Oulpiil 69.m,l»7     77.1»W.969 

Cnnnumplion 


SEW   SOUTH    WALKS. 

New  South  \ValeH  had  ■l:i">,148  dairy  cows  in  IflOO.  yielding  149,- 
153,000  gallons  of  milk.  Of  this.  ll-t.iM>!t,000  gallons  were  used  for 
butter  and  3,55!I,<MX)  ^llons  for  cheese.  The  average  yield  of  milk 
per  cow  watt  355  gallons  per  annum.  The  butter  exported  in  1900 
amounted  to  nearly  tS. 500, 000  pounds,  and  the  total  value  of  dairy 
products  is  estimated  at  $13.7511, 187. 

NEW    ZEALAND. 

The  government  of  New  Zealand  is  doing  all  it  can  to  promot*  the 
dairy  industry*.  Perhaps  no  country  is  ita  superior  for  the  produc- 
tion of  milk  from  natural  graifses  and  fodders,  while  the  climate  is  so 
favorable  that  the  cattle  do  not  require  to  be  wintered  in  expensive 
stables.  During  the  year  ended  March  31, 1S02,  the  exports  of  butter 
and  cheesL'  amounted  to  21!), +9.'!  hundredweights  and  86,47*5  hundred- 
weights, raspectively.  valued  at  over  $l,tHK).iXKl.  This  was  an  increase 
of  20  per  cent  over  the  previous  year. 

In  1900  there  were  l,a56,6H0  neat  cattle,  of  which  372,416  were 
cows;  this  was  151.5  neat  cattle  and  44.9  cows  for  every  100  inhabi- 
tants, the  nunil>er  of  cows  I>eing  21.7  per  cent  that  of  the  total  cattle. 

i>f:nmark. 

Denmark  is  about  one-thinl  the  size  of  New  York.  The  neat  cattle 
and  cows  of  Denmark  for  previous  years  are; 


9&t,2£0 
1.011.  ow 
1,067,13V 


By  taking  the  population  of  l!«)l,  for  every  HH)  persons  there  are 
70.7  neat  cattle  and  43.4  cows,  the  cows  forming  61,2  per  cent  of  the 
total  cattle, 
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In  1902  there  were  in  Denmark  1,250  creameries,  20  cheese  factories, 
aod  500  combined  butter  and  cheese  factories.  Very  little  butter  is 
made  on  ainall  farm^,  but  large  estates  have  creameries  of  their  owd. 
A  very  large  part  of  the  creameries  of  Denmark,  however,  are  coop- 
emtive  establiisbmcnts.  The  1,100,OIKJ  milch  cowa  produced  653,833,- 
125  ^llouH  of  milkman  avenge  of  591  gallons  per  cow. 

The  total  butter  made  in  1902  amounted  to  181,879,500  pounda,  26 
pounds  of  milk  being  required  for  1  pound  of  butter.  The  butter 
exports  for  the  year  ended  October  30, 1902,  were  193,061,998  pounds, 
and  the  imports  64,138,811  pounds,  leaving  a  net  exportation  of 
138,823,187  pounds.  The  imports  were  mainly  Finnish  and  Russian 
(Siberianj  butters,  intercepted  by  enterprising  merchants  for  reexport. 
The  Danish  imports  and  exports  of  cheese  have  been,  in  recent  years, 
as  follows:  Imports  in  189-1,  816,704  pounds;  in  1899,  1,248;8(I0 
pounds;  and  in  1901,  1,086,400  pounds;  exports  in  1894,  23,408 
pounds,  and  in  1901,  61,600  pounds. 

The  export  of  oleo,  or  margarine,  from  Denmark  is  not  per- 
mitted, although  large  quantities  are  produced,  under  (iovernment 
regulations,  for  consumption  within  the  country,  and  there  is  a  con- 
siderable import.  The  Danes  consume  18J  pounda  of  margarine  per 
capita,  this  rate  having  risen  fi-om  54  pounds  per  capita  within  ten 
years. 

A  striking  feature  in  the  dairying  of  Denmark  is  the  great  number 
of  small  farms  and  small  dairy  herds.  This  is  well  shown  by  the 
following  table: 

Suiuberof  farmers  owning  1  fow 20,S0O 

Number  ot  fanneiT  owning  2  cows 27, 700 

Sumber  ot  farmers  owning  3  to  .I  cows' 26,  800 

Xuniber  of  farmers  owning  6  to  9  cows 25, 400 

SuDober  of  farmers  owning  10  to  14  cows 19,  800 

Number  of  farmers  owning  15  to  29  cows 29,  800 

Number  of  farmera  ownii^  30  to  49  cows 5, 800 

Number  ot  farmerB  owning  50  to  99  uows 1,440 

Number  of  farmers  owning  over  100  cows tl,  762 

SWEDEN. 

Til©  development  of  the  cattle  industry  will  be  shown  by  the  follow- 
ing figures: 


3.S»,iai  I       l.b'S.927 
2,5<IJ.2»         1,TO6,60* 


.y  Google 
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For  each  100  pei'sons  thei"e  are  now  o0.3  neat  cattle  and  34.4  cows, 
the  cows  forming  C8.4  per  cent  of  the  total  number  of  cattle.  In  1902 
over  "00,000,000  gallons  of  milk  was  produced,  and  121,253,000 
pounds  of  butter  made,  of  which  about  42,000,000  pounds  were 
exported. 

There  arc  1,215  creameries,  28"  cheese  factorie.s,  and  186  combined 
butter  and  cheese  factories.  The  total  quantity  of  milk  handled  by 
these  factories  was  1,S57,228,670  pounds.  From  this  was  made 
57,570,963  pounds  of  butter,  7,199,637  pounds  fuU-creara  cheese, 
3,226,145  pounds  half-cream  cheese,  403,0^1  pounds  quarter-cream 
cheese,  and  5,563,401  pounds  skim-milk  cheese.  The  number  of 
butter  and  cheese  factory  patrons  was  68,947.  The  average  yearly 
consumption  of  butter  in  Sweden  is  estimated  at  only  12  pounds  per 
capita.  The  Government  supports  a  dairy  college,  two  dairy  schools, 
and  several  stations  for  training  dairy  maids.  There  are  also  a 
number  of  small  dairy  schools  supported  by  large  landed  proprietors. 

NORWAY. 

The  numl)er  of  cattle  and  of  cows  of  previous  yeai-s  are  as  follows: 


Cvl\« 

8j«r. 

ToI*l 
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In  the  year  la.st  named  there  were  for  every  lOO  persons  45.1  neat 
cattle  and  31.7  cows.  Of  the  total  number  of  cattle  72.6  per  cent  are 
cows. 

Norway  has  about  650  creameries.  The  product  in  1901  was 
7,716,100  pounds  of  butter  and  9,122,635  pounds  of  cheese.  The 
Government  maintains  9  creamery  schools  and  1  school  for  cheese 
making,  besides  appropriating  about  |'2,000  for  the  advancement  of 
the  creamery  industry  abroad.  The  \-alue  of  the  butter  imported  in 
1901  was  $119,528,  while  that  exported  was  $701,892.  The  product 
of  3  condensed -milk  factories  is  expoi-ted. 

THE    XETHKKLAKD8. 

The  cattle  industry  of  this  country-  is  shown  in  the  following  table: 
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There  were,  in  ISyO,  32.3  neat  cattle  and  18.8  cowa  per  100  inhabit- 
ants, and  58.'2  per  cent  of  the  cattle  were  milch  cows. 

The  Netherlands  had,  in  1900,  873  creameries  and  t6  cheese  facto- 
ries.    The  total  butter  and  cheese  production  was  as  follows: 


Whe 

„^^. 

«r. 

Chttw. 

INM. 

1900.         1 

1S99. 

1900. 

Oafarm. 

6t!.932.Krt 

&2,BS1,M0 

79,867 

fl5,W»,flM 

110,e73,«61 
8fi,0a3,«7 
6,78S,0M 

113  469SJD 

Total 

111,  «3, 961 

120,875.2*1 

153,700,175 

165,979,209 

It  is  thus  seen  that  cheese  is  generally  and  largely  made  in  the 
establishments  classed  as  creameries.  This  means  a  considerable  pro- 
duction of  skimmed  or  partly  skimmed  cheese.  Imports  and  exports 
of  cheese  are  thus  reported;  Imports  in  1895,  249,760  pounds;  in 
1901,  293,664  pounds;  exports  in  1895,  36,627,360  pounds;  in  1901, 
52,971,072  pounds.  In  1902  the  exports  to  Great  Britain  were 
31,810,016  pounds  of  cheese  and  44,015,232  pounds  of  butter. 


Belgium  has  four-fifths  as  many  milch  cows  as  the  State  of  Pennsyl- 
vania, although  it  is  only  one-fourth  the  size  of  that  State.  The 
following  figures  show  the  growth  of  the  cattle  industry: 


1,242,4*6  73»,-32 
1.3><t,S15  796,178 
1,420.978         802,271 


In  1900  there  were  only  24,6  neat  cattle  and  12,3  cows  per  100 
inhabitants.  The  dairy  interests  are  extensive,  but  fall  considerably 
short  of  supplying  the  demand.  In  liKtl  the  butter  imports  and 
exports  were  7,833,241  pounds  and  5,926,860  pounds,  respectively. 
The  average  yearly  per  capita  consumption  of  butter  is  25  pounds. 
Oooperative  creameries  are  numerous  and  prosperous  in  Luxem- 
bourg, Imports  of  cheese  amounted  to  5,759,040  pounds  in  1893  and 
to  9,924,560  pounds  in  1901,  while  the  exports  were  81,760  twunds  in 
1893  and  69,664  pounds  in  1901. 
14818— No.  .55—04 7 
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FKANCE. 

France  is  over  four  times  as  lai^  as  the  State  of  New  York  and 
has  one  and  one-fourth  times  as  many  cowa  per  square  mile.  The 
growth  of  the  cattle  and  dairy  industry  has  been  as  follows: 


Yw. 

Total 
number  ol 

Cows. 

1885 

13,ll)*.»70 
13.SM.B86 
18,as,8M 

14.620. «ao 

6.<W.4a7 

„ 

6,aM.M5 
7.819,682 

In  1901  there  were  37.7  neat  cattle  and  20.7  cows  per  100  inhabitants. 
The  milk  produced  in  1901  amounted  to  2,076,079,299  gallons,  valued 
at  $223,758,093,  or  10.92  cents  per  gallon,  from  8,068,857  cows.  The 
decennial  average  1892-1901  waa  2,092,919,265  gallons,  valued  at 
$232,962,981,  or  11.13  cents  per  gallon,  from  6,674,863  cows. 

For  the  production  of  milk  France  and  England  are  both  entitled  to 
occupy  third  place  in  Europe.  England  produces  as  much  milk  with 
a  smaller  number  of  cows. 

In  1901  the  departments  furnishing  the  most  milk  were: 


Nonl I  203,074 

DeuiSfvren I  10I.ST9 

Ille-el-VllBlne I  448,02* 

CWvttdon j  127,tW 

Seine  InKrtuure T 170,  »11 


"I 


The  lowest  price  for  milk  is  obtained  in  Aube,  Haute-Marne,  and 
Finistf're  (7.3  cents  per  gallon);  the  highest,  24,84  cents  per  gallon,  in 
the  department  of  Seine. 

There  are  427  creameries  and  1,044  cheese  factories.  In  19t*2  the 
imports  were  11,813,349  pounds  of  fresh  butter  and  ].47,047  pounds  of 
salted  butter,  valued  at  83,030,048,  while  the  exports  of  butter  were 
29,847,418  poundt<,  vahied  at  $14,989,175,  giving  a  surplus  of  over 
$11,500,000.  This  is  due  to  the  small  per  capita  butter  consumption, 
which  is  probably  less  tlian  5  pounds,  or  not  one-fourth  of  that  of  the 
United  States.  Cheese,  on  the  other  hand,  is  one  of  the  most  common 
articles  of  food,  lieing  made  in  great  variety  and  consumed  in  very 
large  ([uantitics.  '  The  commerce  in  cheese  is  reported  as  follows,  for 
recent  selected  j'ears:  Imports  amounted  to  38,111.913  pounds  in  1883, 
27,871,642  pounds  in  1893,  and  42,034,017  pounds  in  1901,  while  the 
exports  were  8,377,235  pounds  in  1S83,  12,3S8,732  pounds  in  1893,  and 
17,795,097  pounds  in  1901. 

France  in  1901  imported  98,440  pounds  of  milk  sugar  and  about 
1,000,000  pounds  of  casein. 
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SWITZERLAND. 

The  increase  in  the  cattle  industry  in  shown  by  the  following  tal>le: 

i      Total 


IBK 

In  1901  there  were  40.4  cattle  and  22.3  cows  for  every  100  persons. 
In  this  year  the  milk  product  amounted  to  -197,5ii5,'J(X)  gallons  of  cows' 
milk  and  l!l,875,000  gallons  of  goats'  milk.  The  average  yearlj'  per 
capita  consumption  of  milk  is  calculated  as  225  liters  (238  quarts). 
There  was  used  175,673,050  gallons  for  making  cheese  and  butter, 
fully  two-thirds  of  this  being  for  cheese.  About  66,042,500  gallons 
was  converted  into  condensed  milk.  There  are  about  5,400  cheese 
dairies,  half  of  which  are  situated  in  the  mountains.  The  trade  of 
1901  was  as  follows: 


Soft  cheeiie 

Hard  cheese . . . 


KOot.      I 

36.700 
79l,D»  I    17,218.200 


Whey  butter,  made  from  the  fat  which  separates  from  the  curd 
during  the  cooking  process  in  the  manufacture  of  Emmenthaler  cheese, 
is  used  extensively,  and  retails  at  30  cents  a  pound. 

QERMANY. 
The  cattle  industry  has  increased  as  follows: 


Year. 

Toul 
1      MHlc. 

c.„ 

IRSS 

ilS.78e.754 

BOW  908 

Using  the  census  figures  of  liKlO  we  find  that  there  are  33.6  neat  cattle 
and  18.6  cows  per  H'O  persons.  There  are  in  Germany  about  6,375 
creameries  and  cooperative  societies  of  dairymen.  Most  of  these  make 
butter,  although  many  only  cooperate  in  collecting  and  shipping  milk 
to  market,  or  in  nmnaging  cily  milk  depots.     This  courtry  has,  in 
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addition,  nearly  1,000  private  or  "estates"  dairies,  which  use  steam 
power  and  are  of  sufficient  size  to  be  mentioned  with  the  creameries. 
Of  the  whole  number  one-third  are  in  the  northwestern  German 
States,  one-sixth  in  Prussia,  and  an  equal  portion  in  Brandenburg  and 
Pomerania. 

Statistics  show  the  imiwrts  and  exports  of  butter  to  be  as  follows, 
the  weights  being  in  l^ilograms: 


Imporu.   I    Eiports. 
Kilai.      I       KUoi. 


'   MTo.ooo  I 


2.M0, 


..    18.007,000  :      2,««. 


The  exports  are  thus  sp«n  to  be  .steadily  decreasing,  while  the 
imports  are  increasing  in  gi-eater  proportion. 

Butter  is  imported  principally  from  Denmark,  Holland,  and  Russia. 
The  Berlin  market  demands  a  fresh  or  half-salted  butter,  while  Ham- 
bui^  requires  it  very  highly  salted  and  pre.scr\'ed  with  antiseptics. 
The  butter  packei'  at  Hamburg  mixes  good  and  bad  butter  together, 
using  strong  brine  to  gi\'e  it  good  keeping  qualities  and  also  to  add 
weight.    Some  of  these  butters  contain  us  high  as  30  per  cent  moisture. 

The  cheese  imported  in  liWl  amounted  to  l(5,6*i9,700  kilograms, 
while  that  exported  was  l,-t56,}<00  kilogram-s,  leaving  a  net  import  of 
15,212,900  kilograms.  In  the  same  year  l,7iio  kilograms  of  condensed 
milk  was  imported,  while  2,929,700  kilograms  was  exi>orted. 


Russia,  with  its  new  grass  lands  in  Siberia  and  now  ser^'ed  by  the 
transcontinental  railway,  shows  signs  of  rapid  expansion.  In  1900 
there  were  15  dairy  schools  in  Russia.  The  dairj'  development  is  very 
largely  imder  the  management  of  Danes.  The  department  of  agri- 
culture has  allotted  $39,000  to  encourage  dairy  production  and  export 
in  Siberia.  This  amount  is  to  be  used  for  the  support  of  creamery 
instructors  to  maintain  examining  laboratories  and  educational  courses, 
and  in  the  organization  of  creameries  in  Western  Siberia.  Russia 
exported,  in  1902,  2,27-1,000  poods,  or  about  82,118,000  pounds,  of 
butter,  the  exports  to  England  being  about  17,500  tons,  while  in  1892 
they  were  only  about  1,000  tons.  This  increase  is  due  in  a  htrge 
measure  to  the  new  Siberian  product,  which  has  a  good  imputation  for 
puritj'.  The  price  of  table  butter  at  Tomsk  is  about  16|  cents  per 
pound,  while  the  second  grade  sells  at  10  cents  per  pound.  In  1901 
Russia  imported  1,375,920  pounds  of  cheese  and  exported  807,184 
pounds. 
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AUSTHIA. 
The  cattle  industry  has  increased  as  follows: 


V.,, 

Tomi     1 
numb«rof       Cows. 

186B 

8,SM.07T         l,lSS,fl25 

Using  the  census  of  December  81,  1900,  we  find  that  there  are  36.4 
cattle  and  18.1  cows  per  100  persons.  In  Austria  there  are  77-1 
creameries  and  cheese  factories.  In  Tyrol  alone  there  are  504  trruyfere 
cheese-making  c 


The  number  of  cattle  has  increased  as  follows: 


Year. 

Total 

Co». 

1870 

5,2TB,  19S 
5,811,378 
8,TS8,S6S 

i.K,2.m 

1B80 

The  extent  of  the  dairy  industry  of  Aui>tria-Hungary  in  1901  was 
as  follows: 


p™..». 

ImporS. 

EiporM. 

86,700 
S,29«,<0O 

KUo,. 

Dairying  in  this  country  is  not  extensive,  yet  in  1901  Greek  cheese 
valued  at  816,623  and  Greek  butter  valued  at  *343  were  imported  by 
the  United  States.  Nearly  all  the  butter  was  received  in  the  melted 
state  and  was  unsaltcd.  There  are  a  few  dairies  that  keep  cows  and 
use  dairy  machinery.  The  amount  of  cows'  butter  made  in  the 
vicinity  of  Athens  is  estimated  at  103,660  pounds,  while  710,000 
pounds  of  imported  butter  is  consumed  there. 

The  natives  use  the  milk  of  the  goat  and  sheep,  believing  it  to  be 
more  healthy  than  that  of  the  cow. 
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In  1S90  it  was  estimated  that  there  were  6,000,000  cattle  and  1,800,000 
goats.  The  goats  are  milked  at  the  door  of  the  consumer.  Very 
little  butter  is  used,  olive  oil  taking  its  place  in  cooking.  The  trade 
in  dairy  products  in  1901  was  as  follows; 


Producl. 

Impoitt.       Eiports. 

KOot.            KOot. 

4.807.TO'     10,ie»,«» 

ARGENTINA. 

Dairying  in  Argentina  is  fast  increasing.  Since  18!*6  there  have 
been  established  several  large  butter  factories,  besides  importing 
houses  concerned  in  the  introduction  of  butter-making  machinery. 
Statistics  for  1901  ahow  that  there  are  523  dairies  and  about  300  cheese 
factories.  One  "  dairy"  ia  alone  capable  of  producing  5  tons  of  butter 
per  day.  The  exports  of  butter  in  1901  had  increased  to  over  3,000 
tons,  of  which  (ireat  Britain  received  3,281,889  pounds,  at  an  average 
price  a  little  more  than  24  cents  per  pound.  The  exports  of  butter 
in  VM^i  had  increased  to  9,l>21,02fi  pounds.  The  principal  dairy  ia  Uie 
Granja  Blanca,  with  nearly  5,000  cows  in  two  herds  (Las  Heras  and 
Escobar  farms).  This  establishment  sella  pasteurized,  niaternized, 
and  sterilized  milk,  as  well  as  condensed  milk,  kefir,  natural  milk, 
butter,  casein,  and  soap. 

BRAZIL. 

The  dairy  industry  of  Brazil  is  yet  in  its  embryonic  state.  There 
is  a  decided  lack  of  milch  cows,  although  the  grazing  lands  are  exten- 
sive. That  very  excellent  butter  can  be  made  is  shown  by  the  product 
of  it-s  German  colonies  in  the  south.  In  19lll  Brazil  imported  over 
1,7(>0,<»K)  iHtunds  of  butter,  nearly  two-thirds  of  this  coming  from 
France. 
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V.  S.  Dki'artment  of  A(1RI01II.TDIIB, 

BUBKAU   OF   AkIMAI,   InDUHTHY, 

Wa>ihh>fffon,  D.  C,  Petvu.hrr  23,  1903. 

Sik:  I  have  the  honor  fx)  traimmit  herewith  n  manuHcript  entitled 
•'Digestion  Experiments  with  Poultry,"  by  E.  W.  Brown,  Ph.  C, 
assistant  in  the  Biocheniic  Diviwion,  and  reeommentl  its  publication  as 
Bulletin  No.  5ti  of  this  Bureau.  These  tests  were  carried  out  with  tlio 
object  of  determining  the  digestibility  of  com,  oats,  wheat,  and  meat, 
respectively,  for  chickens.  The  investigations  heivtoforc  published 
along  this  line  for  poultry  arc  very  limited,  esjwcially  when  compared 
with  those  for  mammals.  The  difficulties  attendant  upon  experimeiitu 
of  this  nature  with  the  fonner  <^lass  of  animals,  owing  to  their  phj-si- 
ological  formation,  are  no  doul>t  largely  accountable  for  the  small 
amount  of  literature  extant  upon  the  subject.  Hence  the  present 
volume  is  of  timely  interest. 

Some  practical  suggestions  Uy  pouitrymeu  are  included,  liearing  on 
the  dietary  values  of  the  different  properties  of  the  foods  alwve  men- 
tioned, and  also  on  the  digestive  value  of  tlie  grains  when  used  in 
combination. 

The  four  lialf-tones  and  two  text  iigures  arc  necessaiy  as  illustrations. 
Respectfully, 


Hon.  James  Wii.son, 

Sfd'etary. 


D,  E.  Salmon, 

Chief  ,>f  Bureau. 
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DIGESTION  EXPERIMENTS  WITH  POULTRY. 


PBEFATORT. 

INTRODirfTION. 


The  study  of  the  digestion  of  feeding  stufifs  has  not  been  extended 
equally  to  all  classes  of  farm  animals.  The  great  bulk  of  the  avail- 
able data  in  this  connection  relates  to  ruminants,  horses,  and  hogs, 
while  but  meager  attention  has  been  given  to  poultry.  The  practical 
importance  of  investigations  designed  to  supply  this  deficiencj'  is 
obvious.  There  has  been  a  great  increase  in  the  poultry  industry 
during  recent  j'ears,  with  a  growing  demand  for  information  regard- 
ing-the  care  and  man^ementof  the  different  kinds  of  domestic  fowls. 
Feeding  standards,  based  on  the  digestion  coefficients  of  the  various 
foodstuffs,  have  not  been  available,  and  poultrymen  have  especially 
felt  the  need  of  such  as  an  aid  toward  attaining  the  most  economic 
and  productive  methods  in  the  nutrition  of  their  stock.  Many  of  the 
experiment  slations  have  considered  questions  of  poultry  nutrition, 
and  much  of  value  has  been  accomplished.  Aside  from  a  single  pulj- 
lication,  however,  these  investigations  have  been  limited  to  feeding 
experiments.  Such  observations  are  of  value  only  as  regards  the  par- 
ticular diet  under  considei-ation  and  fail  to  afford  the  data  necessary 
for  the  rational  combination  of  a  wide  choice  of  nutrienbj.  It  is,  there- 
fore, very  desimble  that  the  digestion  coefficients  of  a  wide  \-ariety  of 
poultry  foods  be  made  acces.-jil>lo  under  an  extensive  range  of  conditions. 
On  such  a  basis  feeding  standards  might  be  adopted  which  would  prove 
a  source  of  much  economy.  By  the  use  of  such  standards  much  waste- 
fulness caused  by  feeding  new  or  untried  feeding  stuffs  might  be 
avoided  and  poultrymen  would  be  enabled  to  incorporate  into  the  diet 
only  those  materials  which  possess  relatively  the  highest  digestibility 
at  relatively  the  lowest  cost. 

The  published  data  at  hand  relating  to  digestion  coefficients  for 
poultry  are  insufficient  in  number  and  variety  to  justify  the  adoption 
of  feeding  standards  or  even  to  arrive  at  definite  conclusions  regard- 
ing the  availability  of  the  nutrieutM  of  the  foods  tested.  This  lack  of 
litemture  on  the  digestive  capacity  of  poultry  is  in  marked  contrast 
with  the  abundant  data  available  for  other  classes  of  farm  animals. 
The  main  reason  for  this  seems  to  He  in  certain  difficulties  of  technique 
intered  in  digestion  experiments  with  poultry.     This  is  obvious 
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whet]  some  of  the  conspicuous  differences  in  anatomical  structure 
between  birds  and  mammals  are  considered. 

The  anatomical  structure  of  the  bird  is  relatively  much  less  complex 
than  that  of  the  mammal.  The  geuito-nrinary  apparatus  is  notably 
simpler  in  structure.  The  urine  is  not  temporarily  stored  in  a  bladder, 
as  in  mammals,  but  is  conveyed  directly  from  the  kidneys  through  the 
ureters  to  the  cloaca,  there  to  be  admixed  with  the  fecal  matter  from 
the  intestines.  The  structure  of  the  alimentary  canal  of  the  bird  sug- 
gests that  the  digestive  process  is  rapid  and  that  it  partakes  of  features 
associated  with  both  the  camivora  and  horbivora.  Thus  the  relative 
shortness  of  length  is  a  carnivorous  characteristic,  while  the  character 
of  the  diet  und  the  thorough  comminution  of  the  food  in  the  gizzard 
are  features  more  akin  to  the  herbivorous  type. 

The  fact  that  the  urine  and  feces  are  excreted  together  has  formed 
the  chief  obstacle  to  progress  in  the  perfoimance  of  digestion  experi- 
ments with  poultry.  As  the  accurate  analysis  of  the  fecal  matter  ia 
essential  for  the  estimation  of  the  digestion  coefficients,  it  is  obvious 
that  the  matter  is  seriously  complicated  by  this  admixture  with  the 
urine;  and,  while  the  same  general  principles  are  applied  in  the  study 
of  the  digestion  coefficients  of  birds  and  mammals,  certain  modifica- 
tions in  the  collection  and  analysis  of  the  excrement  are  required  in 
the  case  of  the  former,  and  peculiar  difficulties  are  met  with  which 
have  hindered  advance  in  this  direction.  The  analytical  procedure  in 
digestion  experiments  with  poultry  would  be  greatly  simplified  and 
accurate  results  more  readily  obtained  if  the  mixture  of  the  urine  and 
feces  could  be  avoided. 

The  plan  of  the  introduction  of  cannulte  into  the  ureters,  thereby 
separating  the  urine  in  a  pure  condition,  might  be  attempted,  but  does 
not  seem  feasible  for  quantitative  operations.  Two  investigators, 
whose  experiments  will  he  reviewed  later,  have  established  an  artificial 
anus  in  the  abdominal  wall.  It  >icems  doubtful,  however,  whether 
such  operative  proc'cdure  can  be  followed  without  interference  with 
the  health  of  the  fowl. 

The  separate  collection  of  the  urine  and  feces  is  absolutely  essential 
to  the  estimation  of  such  constituents  of  the  food  as  are  eliminated  in 
the  urine  either  partially  or  wholly  in  unchanged  form.  Under  these 
conditions  the  quantity  of  urine  excreted  in  the  feces  could  not  be 
determined,  and  therefore  the  calculation  of  the  quantity  excreted  by 
.  the  intestines  would  be  excluded.  Both  the  feces  and  urine  include 
inorganic  matter,  and  consequently  the  balance  of  income  and  out«ro 
of  this  material,  so  far  as  the  alimentary  tract  Is  concerned,  could  not 
be  estimated,  and  the  digestion  coefficient  for  inorganic  matter  could 
not  be  ascertained.  It  has  been  demonstated  '*"  that  certain  pen- 
toses may  be  eliminated  through  the  kidneys  of  mammals  unchanged. 

"The  fisun-N  refer  to  hiUliiiK™i''iy  ut  end  of  bulletin. 
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at  least  in  part.  If  such  were  the  case  with  birds  the  estimation  of  the 
digestion  coefficient  for  pentosans  would  be  very  difficult  To  render 
this  accurate  a  method  for  the  mechanical  separation  of  the  urine  and 
feces  should  bo  devised. 

Another  difficulty  encountered  in  digestion  experiments  with  poul- 
try is  that  the  fowls  arc  less  adaptable  to  the  general  conditions  of  such 
experiments  than  other  farm  animals.  The  body  temperature  of  birds 
is  considerably  higher  than  that  of  mamuials  and  their  I'espiration  is 
much  more  rapid.  Owing  to  their  enei^tic  temperament  they  do  not 
bear  confinement  as  well  as  many  other  classes  of  animals,  and  there- 
fore some  depression  of  the  normal  metabolic  activity  may  be  involved. 

The  problem  of  a  satisfactory  collection  of  the  excrement  has  also 
delayed  progress  in  investigations  of  the  present  character,  and  this 
is  peculiarly  complicated  when  taken  in  connection  with  the  study  of 
egg  production  as  connected  with  the  digestibility  of  feeding  stuffs. 
Under  such  circumstances  a  collection  apparatus  would  not  be  feasible, 
and  it  would  seem  to  be  necessary  to  maintain  a  constant  watch  over 
the  animabt  so  as  to  remove  the  excrement  immediately  after  it  has 
been  voided. 

PURPOSE  OF  THE  PHE8ENT  PAPER. 

The  chief  components  of  poultry  rations  are  represented  by  the 
grains,  of  which  corn,  oats,  and  wheat  are  probably  most  commonly 
used.  Corn  especially,  may  be  said  to  form  the  basis  of  most  poultrj' 
rations.  It  was  planned  to  perform  digestion  experiments  with  each 
of  these  grains  as  the  sole  diet;  also  tests  with  a  pure  beef  diet. 
Although  the.se  grains  are  commonly  fed  in  combined  rations,  it  seems 
to  be  of  practical  interest  and  value  to  determine  their  individual 
d\gestibility.  In  this  way  data  may  be  acquired  showing  in  what 
measure  they  form  a  balanced  ration  within  themselves,  or  how  they 
may  be  combined  to  the  best  advantage.  It  was  aJso  proposed  to  select 
a  sufficient  number  of  birds  to  determine,  as  far  as  possible,  the  factor 
of  idiosyncra.'^y  and  unavoidable  experimental  error. 

The  present  experiments  are  of  a  preliminary  character  only,  and  the 
number  reported  is  insufficient  to  justify  conclusions  of  a  far-reaching 
character.  This  is  doubly  emphasized  in  view  of  the  fact  that  so  little 
investigation  has  been  expended  on  the  digestive  processes  of  fowls. 
It  is  hoped  that  these  experiments  may  serve  as  a  starting  point  for  a 
broad  study  of  the  availability  of  feeding  stuffs  for  poidtry,  and  it  is 
believed  that  the  experience  gained  in  this  investigation  will  be  useful 
in  future  work. 

CERTAIN    FEATURES   OF    NITROOENOD8   METABOLISM    IN   BIRDS. 

DIPPBRENCea 


There  are  several  striking  and  significant  points  of  difference  between 
the  urine  of  mammalH  and  birds  which  muut  be  taken  into  account,  not 
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only  in  a  study  of  nitrogenous  metabolism,  but  also  in  a  consideration  of 
the  dig^estibility  of  feeding  stuffs  in  these  classes  of  animals.  A  promi- 
nent peculiarity  of  avian  urine  is  its  relatively  small  content  of  water. 
This  readily  evaporates  on  standing  in  the  open  air,  and  the  urine  thus 
dried  prc8ent»  the  familiar  appearance  of  white  fiakes  scattered  irregu- 
larly throughout  the  fecal  matter.  Meiasner'  observed  many  years 
ago  that  this  white  material,  when  examined  under  the  microscope, 
presented  the  appearance  of  a  mass  of  rounded  amorphous  particles, 
but  when  treated  with  a  little  acetic  acid  it  immediately  assumed  a 
crystalline  form  and  was  apparently  of  uniform  character.  This  sub- 
stance is  now  known  to  be  uric  acid.  The  most  important  and  promi- 
nent nitrogenous  constituents  of  mammalian  and  avian  urine  are  urea 
and  uric  acid,  respectively.  Broadly  speaking,  the  quanti^tive  pro- 
portions of  these  two  substances  are  mutually  reversed  in  the  two 
excretions,  that  is,  the  urine  of  the  bird  contains  only  a  very  small  fi-ac- 
tion  of  urea  and  the  proportion  of  uric  acid  to  urea  in  the  mammalian 
excretion  is  correspondingly  small.  Urea  represents  the  great  bulk 
of  the  excreted  nitrogen  of  the  raammai,  while  uric  acid  bears  an 
analogous  relation  to  the  nitrogenous  mctalMiIism  of  birds.  The  uric 
acid  of  mammalian  urine,  however,  does  not  owe  its  origin  to  the 
breakdown  of  proteid  matter  as  such,  hut  it  is  now  believed  to  be 
largely  derived  through  the  metabolism  of  the  nucleins.  It  is  of  sug- 
gestive interest  that  the  high  solubility  of  urea  renders  it  particularly 
adaptable  to  the  mammalian  urine,  which  is  of  large  volume,  while 
uric  acid,  in  view  of  its  difficult  solubility,  is  more  suited  to  a  urine  of 
small  wat«r  content. 

The  urine  of  birds  differs  strikingly  from  that  of  mammals  in  its 
comparative  simplicity.  Sir  William  Koberts*  comments  on  the  matter 
as  follows: 

The  chlorides,  phosphates,  and  sulphates,  the  lime  and  magnesia  salts,  the  pigmeDt 
and  large  voiunio  of  water,  all  of  which  figure  m  prominent  and  even  esaential  com- 
ponents oE  mammalian  urine,  are  either  wholly  absent,  from  the  urine  of  birds  and 
serpents  or  are  only  present  in  Hnch  minute  tmees  aa  might  be  derived  from  the 
lubricating  mucous  and  epithelial  diibrie  with  which  the  secretion  is  incidentally 
mixed. 

■  *  ■  Butwherea«in  the  nrineof  men  and  mamm^ia  the  quadriurates  are  only 
an  insignificant  item  amid  a  host  of  other  ingreilienttf,  the  quadriuratf«  constitute 
practically  the  whole  o£  the  renal  excretion  of  birds  and  serpents.  •  •  *  The 
amorphous  deposit  is  the  physiolt^ical  homologue  of  the  entire  renal  activity  of 
birds  and  aerpente. 

The  above  quotations  are  of  a  somewhat  speculative  nature,  but  in 
the  main  they  express  the  general  relations  of  the  two  types  of  animal 
excretions.  In  addition  to  uric  acid  and  urea  the  urine  of  the  bird 
may  contain  other  substances  in  minute  quantities.  The  exact  com- 
parative chemistry  of  the  urinary  output  of  l)irds  and  mammals  has 
not  been  systematically  investigated.     The  sL^anty  literature  on  the 
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subject  and  a  few  observatioDS  of  the  writer  in  thia  connection  are 
presented  in  another  section  of  this  paper. 


It  was  early  recognized  that  uric  acid  in  the  urine  of  birds  possessed 
a  significance  akin  to  that  of  urcu  in  mammals,  namely,  that  this  excre- 
tion enibodred  the  form  of  the  main  nitrogenous  end-product  of  proteid 
metaboliHm. 

Much  speculation  has  arisen  relative  to  the  mode  and  place  of  forma- 
tion of  uric  acid  in  the  organism  of  birds.  In  searching  for  an  organ 
to  which  uric  atrid  production  might  be  delegated,  physiolo^ts  early 
turned  their  attention  to  the  kidney.  Experiments  were  first  per- 
formed on  the  hypothesis  that  the  kidney  is  the  sole  seat  of  uric  acid 
formation  in  the  organism,  and  hence  the  removal  of  this  organ  would 
do  away  with  uric  acid  production. 

von  Schroder'  succeeded  in  overcoming  the  great  difficulties 
encountered  in  this  work.  In  some  of  his  experiments  the  kidney  was 
merely  excluded  from  the  circulation,  and  uric  acid  was  observed  to 
accumulate  readily  in  certain  of  the  tissues  and  organs.  Snakes,* 
which,  like  birds,  excrete  the  I>ody  nitrogen  largely  in  the  fonu  of 
uric  acid,  lived  from  five  to  nine  days  after  the  removal  of  the  kid- 
neys, and  deposits  of  uric  acid  or  urates  were  found  in  several  of 
the  organs.  These  oltaervations  indicated  that  the  kidney  was,  at 
len-st,  not  exclusively  concerned  in  uric  acid  formation.  Thia  evidence 
is  further  sustained  in  the  consideration  of  the  compai-ative  structure 
of  the  kidney  in  birds  and  mammals.  A  further  stntement  of  Sir 
William  Rolwrts  is  of  interest  m  thia  connection: 

It  ia  remarkabte  that  the  wide  difference)*  in  the  nature  of  the  rensil  excretion  in 
mamnialH  and  the  Haiiropsida,  respectively,  shunld  yet  In;  aomeiated  with  alinoet 
complete  identity  in  the  anatomical  structure  of  the  kidney.  The  kidney  of  the 
bird  has  a  glomerular  mechanism  identical  with  that  of  the  mammalian  organ, 
•  '  •  and  yet  practically  the  mile  function  of  the  organ  of  the  bird,  in  contrast 
with  the  remarkably  complex  duties  performed  by  that  of  the  mammal,  is  losecrete 
qoadriuratee. 

In  view  of  this  common  structure  of  the  kidney  in  the  two  classes 
of  animals,  it  would  hardly  appear  consistent  that  the  organ  should 
form  large  quantities  of  uric  acid  in  the  one  case  and  relatively  minute 
amounts  in  the  other. 

The  preponderance  of  evidence  so  far  accumulated  has  indicated  that 
the  place  of  urea  formation  in  mammals  is  the  liver.  Minkowski '  en- 
deavored to  ascertain  wlicther  uric  acid  in  birds — the  physiological 
homologue  of  urea  in  mammals — is  synthesized  in  that  organ.  In  order 
to  investigate  whether  an  interrelation  exists  between  uric  acid  pro- 
duction and  the  activity  of  the  liver,  he  studied  the  influence  of  the 
removal  of  the  liver  on  the  composition  of  the  urine.     The  difficulties 
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met  with  in  tnammals  in  the  attempt  to  withdraw  the  liver  from  the 
circulation  do  not  occur  in  birds,  and  it  is  not  necessary  to  guard 
against  the  congested  condition  which  occurs  in  mammals  by  estab- 
lishing artificial  communication  with  the  ascending  vena  cava.  In  the 
case  of  birds,  such  a  communication  has  a  natural  existence,  as  these  ani- 
mals have  a  vascular  system  in  the  kidney  similar  to  the  portal  circula- 
tion in  the  liver.  Taking  advantage  of  this  fact,  Minkowski '"  extir- 
pated the  liver  from  geese.  In  some  ca.ses  the  organ  was  merely  cut 
oflf  from  the  circulation.  The  large  intestine  was  ligatured  imme- 
diately alwve  the  cloaca  in  order  to  obtain  the  urine  in  a  pure  condi- 
tion. The  results  of  this  experiment  were  so  striking  as  to  afford 
strong  evidence  that  the  liver  was  concerned  with  at  least  a  part  of 
the  uric  acid  production  in  birds.  The  uric  acid  output,  as  a  result  of 
the  operation,  suffered  a  tremendous  decrease.  While  the  uric  acid 
nitrogen  normally  corresponds  to  from  60  to  70  per  cent  of  the  total 
urinary  nitrogen,  under  these  conditions  the  percentage  fell  to  from 
8  to  6.  This  conspicuous  reduction  of  uric  acid  nitrogen  was  largely 
replaced  by  a  corresponding  increase  in  the  output  of  nitrogen  in  the 
form  of  ammonia.  Prior  to  the  operation  the  ammonia  nitrogen 
comprised  from  9  to  18  per  cent  of  the  total  nitrogen  of  the  urine, 
but  subsequent  to  the  removal  of  the  liver  this  fraction  reached  from 
50  to  60  per  cent.  Another  very  significant  result  was  that  this 
increased  ammonia  was  present  in  the  form  of  a  salt  of  lactic  acid,  a 
substance  which  Minkowski  was  unable  to  detect  in  the  nonnal  Urinfe. 
In  these  resulttj  he  saw  evidence  that  ammonia  and  lactic  acid  were  pro- 
duced by  the  oxidation  of  the  proteid  matter  in  the  tissues,  and  that  a 
synthesis  of  these  two  substances  to  ur'!c  acid  was  accomplished  in  the 
liver. 

The  findings  of  Minkowski's  experiments  have  recently  been  fully 
corroborated  by  the  observations  of  Lang."  Employing  a  slight 
modification  of  the  operative  procedure  of  Minkowski,  he  differen- 
tiated the  urinary  nitrogen  into  three  fractions,  namely,  (1)  ammonia, 
(2)  uric  acid  and  purin  bases,  {'X)  urea  and  creatin,  assuming  that  the 
last-named  body  is  present  in  the  urine.  The  percentage  of  fall  in 
uric  acid  elimination  after  the  operation  corresponded  essentially  to  the 
results  reported  by  Minkowi^ki.  Data  are  also  recorded  in  this  paper 
relative  to  the  percentage  of  distribution  of  the  al>ove-named  fractions 
of  nitrogen,  relative  to  the  total  nitrogen  in  the  normal  urine  of  geese. 

A  recent  communication  by  Kowalewski  and  Salaskin  '*  lends  sup- 
port to  the  conclusions  of  Minkowski  and  Lang.  Their  experiments 
show  that  the  liver  takes  a  direct  share  in  the  formation  of  uric 
acid  in  birds.  Not  only  ammonium  lactate  and  ammonium  salts  of 
other  organic  acids,  but  such  substances  as  arginine  gave  rise  to  its 
chemico-phj'sioiogical  production. 

We  find   no  investigation   on   record  which   has    considered    the 
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possible  relation  between  uric  ftcid  fonnation  aod  the  activity  of  the 
spleen  in  birds.  It  was  long  thought  that  variations  in  the  volume  of 
the  spleen  were  UJ4»ociated  with  fluetuations  in  the  uric  acid  excretion 
in  mammals,  but  later  researches  have  proved  that  the  rtpleen  has  no 
essential  influence  on  the  production  of  this  exci-etion. 

Mendel  and  Jackson "  estimated  the  uric  acid  output  before  and 
after  extirpation  of  the  spleen  in  dogs  and  cats.  A  comparable  diet 
was  fed  during  both  periods.  The  daily  excretion  of  uric  acid 
remained  practically  unchanged  after  the  operation.  NoCl  Paton  '* 
investigated  the  effect  of  splenectomy  on  the  nitrogenous  metabolism 
of  dogs  and  found  that  practically  no  deviation  froni  the  normal 
appeared.  Lo  Monaco "  obser\-ed  that  the  excretion  of  uric  acid 
remained  unaltered  after  cxtii^Mtion  of  the  spleen  in  man.  These 
observations  make  it  appear  improbable  that  the  spleen  in  birds  bears 
an  essential  relation  to  uric  acid  formation. 

It  has  been  demonstrated  that  a  small  portion  of  the  excreted  uric 
acid  of  birds  is  formed  independently  of  the  liver.  Thus  Minkowski  '• 
and  Lang"  found  a  small  residuum  of  that  substance  in  the  urine 
after  extirpation  of  this  ui^n.  It  has  been  isuggested — and  there  is 
some  experimental  evidence  to  support  this  view — that  this  fraction 
of  the  uric  acid  is  fomied  under  conditions  similar  to  those  obtaining 
in  mammals.  In  the  latter  class  of  animals  uric  acid  pi-oduction 
is  now  regarded  a«  sustaining  an  intimate  relation  to  the  character 
of  the  diet  It  has  been  established  during  the  last  ten  years 
that  those  organs  of  the  body  whi<!h  are  rich  in  cell  nudein — 
Buch  as  glands  of  the  type  of  thymus,  liver,  spleen,  etc, — occasion  a 
marked  rise  in  the  elimination  of  uric  acid  when  fed  as  a  part  or  the 
whole  of  the  daily  diet.  This  ri.se  in  uric  acid  excretion  is  referable 
to  the  nuclcin  nuterial  which  makes  up  the  bulk  of  the  cell  nuclei. 
It  has  been  shown  that  the  nucleins  when  decomposed  by  boiling 
mineral  acids  yield  xanthin  ba.scs — bodies  closely  related  in  structure 
to  uric  acid^  The  xanthin  bases  are  regarded  as  direct  precursors 
of  uric  acid  formation.  Abundant  observation  has  proven  that  food 
materials  free  from  nuclein,  ai-e  practically  without  effect  on  the 
uric  acid  output  in  uiammals.  Variations  in  the  amounts  of  uric 
acid  excreted  are  attributed  to  fluctuations  in  the  amount  and  char- 
acter of  the  nuclein  of  the  food  and  al.'so  fluctuations  in  the  extent  of 
the  metabolism  of  body  nucleins. 

The  question  whether  or  not  a  fi-action  of  the  uric  acid  in  the  bird 
is  referable  to  this  mode  of  formation  natumlly  suggests  itself,  von 
Mach'*has  pointed  out  that  the  administration  of  hypoxanthin  to 
geese  deprived  of  the  liver  strikingly  increased  the  elimination  of  the 
residuum  of  uric  acid.  This  result  is  inharmony  with  the  observations 
i-eportcdby  Minkowski,"  Burian  and  Schur"  andKri'igerandSchmid," 
all  of  whoui  noted  a  similar  result  with  man.     Milroy  '*  has  recently 
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Bhown  that  the  ingcstioti  of  pure  nucleins  may  lead  to  an  auj^ncnted 
uricacid  output  in  hena.  The  chickens  Helect«d  for  the  experiments  were 
operated  upon  for  an  artificial  &nus  in  order  that  the  urine  and  feces 
might  be  aeparately  excreted.  These  observations  thus  give  evidence 
that  a  small  portion  of  the  uric  acid  of  birds  maj'  be  formed  from  pre- 
cursors which  give  rise  to  an  increased  elimination  of  this  excretive  in 
mammals  and  also  that  some  uric  acid  may  be  formed  independently 
of  hepatic  activity.  Variations  in  uric  acid  excretion  in  birds  prob- 
ably depend  on  two  main  factors — (1)  the  quantity  of  proteid  and  (2) 
the  amount  of  nuclein  contained  in  the  food.  The  details  of  the  exact 
relations  of  these  two  factors  to  uric  acid  production  are  yet  to  be 
determined. 

The  various  facts  cited  above  indicate  that  uric  acid  in  birds  is 
largely  formed  synthetically,  while  in  man  it  results  mainly  from  oxida- 
tion processes.  Wiener's"  investigations  suggest  that  uric  ac-id  may 
be  to  some  extent  formed  synthetically  in  the  liver  of  the  ox.  He 
found,  however,  that  extracts  of  the  kidney  of  the  ox  and  the  Iiorse 
destroyed  uric  acid,  while  extracts  of  the  liver  of  dogs  and  pigs  pro- 
duced a  similar  result.  How  far  these  observations  would  apply  to  the 
organs  of  birds  can  only  be  answered  by  experiment,  but  they  tend  to 
show  that  in  the  case  of  mammals  the  quantity  of  excreted  uric  acid  ia  not 
necessarily  an  indication  of  the  total  amount  forraei.  in  the  l>ody. 

The  circumstances  pertaining  to  the  formation  of  Ihe  small  amount 
of  urea  in  the  urine  of  birds  are  entirely  unknown.  Minkowski  '*  esti- 
mated that  this  substance  represented  about  4  per  cent  of  the  total 
urinary  nitrogen.  It  is  significant  that  he  found  thi:;  proportion  unal- 
tered after  extirpating  the  liver.  This  result  uliords  evidence  that 
urea  is  at  least  not  entirely  formed  in  the  liver  in  birds,  although  its 
synthesis  in  the  liver  of  mammals  seems  to  be  established. 


The  mode  of  foi-mation  of  uric  acid  in  birds  has  been  an  object  of 
research  with  several  investigators.  As  urea  appeared  to  be  a  possi- 
ble further  physiological  oxidation  product  of  uric  acid,  it  was  early 
suggested  that  uric  acid  in  birds  might  be  derived  from  the  same 
metabolic  antecedents  as  urea  in  mammals. 

Schultzen  and  Nencki"  observed  that  when  leucin  and  glycocoll 
were  administered  to  dogs  they  were  eliminated  as  urea.  Salkowski" 
confirmed  these  results,  and  von  Knieriem"  found  that  a-spartic  acid 
was  transformed  into  urea  in  the  same  animals.  The  infiuenL-e  of 
ammonia  salta  on  the  output  of  urea  in  dogs  and  men  has  been  con- 
sidered by  von  Knieriem,  and  Salkowski  studied  the  same  question 
with  reference  to  dogs  and  I'abbits.  Ammonium  chloride  was  largely 
transformed  into  urea  in  the  case  of  rabbits,  while  in  the  case  of  dogs 
and  men  the  greater  part  of  the  salt  was  excreted  in  the  same  form 

.    .     Google 
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as  iugt^sted.  Thu  i-arltonate  of  ammonia  was  entirely  transfonned  into 
liicft  in  the  organism  ot  thii  three  types  of  subjects.  Feder  and  Volt" 
found  tliat  the  acetate  of  ammonia  led  to  the  excretion  of  urea,  while 
Lohrer"  made  the  same  (ibaervation  with  reference  to  the  citrate  wait. 

Several  observers*'"  have  reported  experiments  planned  to  stndy 
the  relation  of  certain  of  the  above-mentioned  ammonium  .salt»  to  uric 
acid  formation  in  birds.  Schroder"  reported  that  the  ammonium 
salts  of  acetic  and  formic  acids  were  readily  excreted  in  the  altered 
form  of  uric  acid.  The  chloride  and  sulphates,  however,  were  re- 
moved by  the  kidneys  unclianfjed,  a  fact  which  may  account  for  the 
proportionately  greater  amount  of  ammonia  that  is  normally  excreted 
by  the  bird  as  contrasted  with  the  mammal.  Meyer  and  .laffi5"  have 
individually  repoi-ted  that  urea  when  administered  t<i  birds  is  elimi- 
nated as  uric  acid.  Meyer  claimed  that  [mrt  of  the  urea  nitrogen 
appeared  in  the  urine  as  ammonia  salts.  He  found  that  the  ingestion 
of  uric  acid  led  to  iU  excretion  in  unchanged  form  with  a  slight  rise 
in  the  body  metabolwm,  while  it  has  been  shown  that  in  the  organism 
of  mammals  uric  acid  is  more  or  less  (rompletcly  converted  into  urea, 
von  Knierieiii  ol>served  tliat  amido  aci<ls,  as  leu<;in  an<l  tyrosin,  in- 
creased the  uric  acid  output  in  Inrds,  while  we  have  seen  al>ove  tliat 
these  bodies  are  precursors  of  urea  in  mammals. 

When  the  data  of  tliese  parallel  experiments  with  i)irds  and  mam- 
mals ai-e  correlated,  the  following  statement  of  Hopkins  "  is  of  sug- 
gestive interest : 

The  phyeiolo);ii'al  differentiation  whereby  Bolulile  urea  taken  tlie  place  iif  infKilnble 
uric  acid  in  acciirtlancx;  with  the  neeilH  of  an  oi^niein  excretiiiK  a  liiiiiid  urine  JH  now 
known  to  occur  at  tlie  final  BtjigeH  of  inetaboliem.  It  is  almost  certain  that  in  the 
niain  the  Wfwttf  (irodui-lH  wliicli  Icuvi^  Ihc  tipfiies  are  the  same  iti  birdii  and  uiainiiials. 
In  the  liver  of  the  foniicr  theHe  ]>r«iiiictH  are  i>r('|iare<l  for  excn'tion  by  a  i:lianjp>  into 
the  form  of  urii-  aci<l,  while  in  the  latt>.T  the  he[>atic  influence  pnulticef  urea. 

A'  further  characteristic  difference  in  the  nitrogenous  metaliolism  of 
mammals  and  birds  le  brought  out  by  a  consideration  of  the  compara- 
tive liehavior  of  IwnzoyI  compounds  in  the  organism  of  these  two 
classes  of  animals.  It  has  long  Ixtcn  known  that  the  ingestion  of  salts 
of  benzoic  acid  calls  forth  an  incieased  output  of  hippurit;  acid  in 
mammals.  It  is  thus  apparent  that  a  synthesis  of  glycocoll  and  lien- 
zoy!  compounds  occurs  somewhere  in  the  body,  and  it  is  a  fact  of  much 
interest  that  Bunge  and  Schmiedeboi^"  were  enabled  tx»  demonstrate 
that  this  process  was  carried  out,  at  least  in  part,  in  the  kidnej's. 
When  l)enzoyl  compounds  are  administered  to  birds,  the  ivsulting 
excretion  is  quite  different  from  that  observed  in  the  case  of  mammals. 
Jaff^"  observed  that  the  condensation  product  of  dianiido valerianic 
acid  and  benzoic  acid  is  excreted — a  compound  known  as  ornithuric 
acid  and  analogous  in  structure  to  hippuric  acid.  The  locality  of  for- 
mation of  this  homologue  of  hippuric  acid  has  not  been  investigated, 
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but  it  appears  not  iniprobable  that  by  analogy  it  is  formed  syntbettcally 
in  the  kidney. 

The  metabolism  of  sulphur  in  birds  has  been  studied  by  Lang. " 
He  investigated  the  effect  of  removal  of  the  liver  on  the  relationships 
of  various  forms  of  sulphur  in  the  urine.  The  results  were  practically 
of  a  negative  character,  and  he  concluded  that  the  liver  plays  no  essen- 
tial rOle  in  the  elaboration  of  sulphur  compounds  in  the  form  in  which 
they  appear  in  the  urine. 

REVIEW   OK   IJTEBATURR    ON    DIGESTIVE    SECRETIONS   Or  BIRDS. 

In  accord  with  the  lower  evolutionary  position  of  birds  as  contrai^ted 
with  mammals,  we  find  the  structure  of  the  digestive  viscera  in  the 
former  class  of  animals  much  less  complex  than  in  the  latter.  Com- 
ment has  already  been  made  on  the  simpler  trend  of  nitrogenous  me- 
tabolism in  birds,  and  the  less  highly  developed  organization  of  the 
genito-urinarj-  apparatus.  The  absence  of  mastication,  the  stor^e  of 
food  in  the  crop,  and  the  peculiar  umsoular  gizzard  are  all  salient 
features  characteristic  of  the  digestive  apparatus  of  the  bird.  The 
intestines  fail  to  show  the  well-defined  sulKlivisions  so  conspicuous  in 
the  mammalian  organ.  The  caliber  of  this  portion  of  the  alimentary 
canal  shows  but  little  variation  except  at  about  the  last  inch  of  its 
length,  where  it  widens  before  terminating  at  the  cloaca.  A  peculiar 
feature  of  the  intestines  is  the  marked  bilateral  development  of  the 
cecum,  which  attains  considerable  length  and  joins  the  intestine  a  short 
distance  above  the  cloaca.  The  writer  has  repeatedly  observed  in 
autopsies  that  the  folds  of  mucous  memlirane  or  valvulse  conniventes 
arc  especially  conspicuous  in  this  portion  of  the  alimentary  tract,  thua 
indicuting  that  a  considemble  share  of  the  absorption  of  digestive  prod- 
ucts may  take  pla<'e  in  the  ceci.  In  view  of  the  anatomical  consid- 
erations referred  to  above,  it  is  suggested  that  the  digestive  changes 
of  the  foodstuffs  may  be  of  a  simpler  chanictcr  than  those  noted  in 


The  function  and  stnicturc  of  the  crop  have  been  considered  by 
several  investigators.  Tcichmaim"  reports  that  the  mucous  glands 
situated  in  the  deeper  portion  of  the  mucous  meuibrane  are  the  only 
glandular  structures  present;  no  evidence  was  afforded  that  the  crop 
secreted  any  digestive  fluid.  King'*  has  reported  that  he  found  traces 
of  acid  and  pepsin  in  the  oi^n,  derived  fnini  the  .stomach,  and  a  part 
of  the  acid  reaction  may  poKsibly  also  be  accounted  for  by  food  fer- 
mentation. The  purpose  of  the  crop  is  to  soften  the  food  both  by 
means  of  mucus  carried  down  from  the  mouth  and  the  secretion  of 
the  mucous  glands  of  the  organ  itself.  In  1786,  Hunter"  described 
the  so-called  "crop  milk"  of  pigeons,  and  Hasse"  in  1865  further dis- 
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cussed  the  same  matter.  Thirj  hody  fluid  in  often  secreted  by  the  crop 
of  pigeoDa  at  breediDg  time  and  is  furnished  to  the  newly  batched 
birds.  It  is  largely  composed  of  mucous  and  cast-off  epithelial  cells. 
Teichmann"  also  investigated  the  histological  structure  of  the 
esophagus,  proventriciilus,  and.  gizzard.  The  proventriculus  appears 
as  a  dilation  of  the  esophagus  located  at  a  short  distance  above  the  giz- 
zard. The  function  of  this  organ  seems  to  be  to  secrete  pepsin  and 
hydrochloric  acid  to  be  admixed  with  the  food  preparatory  to  the  grind- 
ing of  the  material  in  the  "  muscular  stomach,"  or  gizzard.  Broadly 
speaking,  an  analogy  may  be  drawn  between  the  cardiac,  or  main 
secretory  portion  of  the  stomach  in  man,  and  the  proventriculus  in 
birds;  also  between  the  more  muscular,  or  pyloric,  portion  in  the 
human  organ  and  the  gizzard  of  the  bird. 


By  the  use  of  an  ingenious  method,  Reaumur"  first  obtained  gastric 
juice  from  birds.  Lead  tubes  containing  sponges  were  introduced  into 
the  alimentary  tract  of  certain  birds  of  prey.  The  entrance  of  foreign 
indigestible  bodies  into  the  alimentary  tract  cau.ses  these  animals  to 
vomit.  When  the  tube.s  were  ejected,  considerable  fluid  could  be 
squeezed  out  of  the  sponges  contained  therein.  As  the.-5e  experiments 
were  performed  some  j'ears  prior  to  Schwann's  discovery  of  pepsin, 
the  observations  were  limited  to  the  salty  and  bitter  taste,  the  acid 
reaction  toward  litmus,  and  the  softening  and  slightly  solvent  action 
of  the  secretion  on  uicat.  Reaumur  also  studied  the  action  of  the  gas- 
tric juice  by  introducing  into  the  stomach  food  materials  inclosed  in 
cylinders  open  at  one  end.  He  found  that  little  solvent  action  resulted 
unless  the  food  in  question  wa-f  subjected  to  the  grinding  action  of  the 
gizzard. 

The  observations  of  Reaumur  were  considerably  extended  by  Spal- 
lanzani".  Meat  was  .shown  to  be  completely  dissolved  in  the  gizzard 
of  herbivorous  birds,  even  when  protected  from  the  movement'*  of  the 
walls  of  the  organ  by  inclosure  in  glass  cylinders.  The  action  of  gas- 
tric juice  collected  by  sponges  as  performed  by  Heaunmr  was  studied 
outside  of  the  body.  Cheese,  meat,  bread,  etc.,  were  found  to  be 
almost  completely  dissolved.  Those  birds  whicli  possessed  little 
mechanical  power  in  the  stomach  secreted  a  notably  active  gastric 
juice.  The  action  of  this  secretion  was  studietl  in  a  large  variety  of 
birds,  as  the  vulture,  owl,  hawk,  eagle,  etc. 

Tiedemann  and  Gmelin'*  collected  gastric  juice  according  to  the 
method  of  the  investigators  heretofore  named.  They  found  that  it 
always  gave  an  acid  reaction,  and,  in  addition  to  the  solvent  effects 
described  by  Simllanzani,  it  clotted  milk.  The  acid  of  the  gastric 
secretion  is  descrilwjd  by  these  workers  as  bydrwhloric,  and  they  claim 
to  have  obtained  evidence,  in  some  cases,  of  the  presence  of  acetic  and 
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even  nitric  acid,  which,  if  Mubstantiated  by  further  inquiry,  is  of  curious 
interest,  as  these  two  actd»  have  never  been  reported  in  the  normal 
gastric  iui<'e  of  mammals.  These  observers  noted  that  the  strengtli 
and  amount  of  the  secreted  acid  depended  on  the  nature  of  the  food 
material  ingested.  Irritating  substances,  such  as  pepper,  brought 
forth  the  largest  amount  of  acid,  and  the  gastric  juice  secreted  after  a 
diet  of  meat  rcaote<l  more  strongly  acid  to  Utmuij  than  tlie  secretion 
following  tlie  use  of  liquid  food  and  sugar.    ■ 

Wilczewski ",  in  18T0,  at  Heidonhain's  institute,  performed  some 
experiments  with  the  pepsin  of  the  pigeon's  stomach.  Exti-acts  of 
the  mucous  membrane  were  made  with  0.2  per  cent  ilCl,  and  the 
digestion  of  egg  albumin  in  these  fluids  was  tested.  A  control  trial 
was  carried  out  with  0.2  per  cent  IIOI  alone  and  more  albumin  was 
dissolved  by  this  solution  than  in  the  extract  which  presumably  con- 
tained the  peptic  enzyme.  Obviously,  some  error  was  involved  in  the 
performance  of  these  experiments. 

Ill  ISilO  Klug"  published  a  wmmimication  dealing  with  the  diges- 
tion processes  in  geese.  He  wm  unable  to  dcmonstmte  an  acid  [leptic 
secretion  in  the  crop  or  esophagus.  Traces,  which  might  have  regur- 
gitated from  either  the  fore  stomach  or  gizzard,  were  sometimes 
found  in  the.-jo  localities.  Extracts  of  the  latter  organ,  made  with  U.2 
per  cent  HCI,  readily  dissolved  prateid  substances. 

On  the  authority  of  Teichmann, "  the  glands  in  the  proventriculus 
were  found  to  be  of  compound  tubular  structure  and  resembled  mam- 
malian gastric  glands.  The  secreting  portion  of  the  gland  is  described 
as  containing  but  one  variety  of  cell  elaboniting  both  pepsin  and 
hydrochloric  acid;  in  mammals  the  ac^id  is  probably  secreted  by  a  type 
of  cell  distinct  from  that  producing  the  enzyme. 

The  muscular  stomach  or  gizzard  presents  a  peculiar  stnicture.  On 
a  more  or  less  strongly  developed  muscular  foundation  is  found  a  layer 
of  tubular  glands  which  manufacture  a  secretion,  the  character  of 
which  has  not  l>een  determined.  The  topmost  layer  of  the  mucous 
membrane  is  made  up  of  a  horn-like  ma.'w  of  stratifietl  squamous 
epithelium.  A  complete  list  of  the  literature  bearing  on  the  histology 
of  the  gastric  appai-atus  of  the  liird,  published  prior  to  1890,  is  given 
by  Oppel. " 

The  most  recent  and  extensive  contribution  to  the  literature  on  the 
digestive  processes  in  birds  was  published  by  Paim-Mall"  in  1900. 
The  main  conclusions  of  this  paper  may  be  .stated  as  follows:  In  gm- 
nivorous  birds  the  gland  cells  of  the  raucous  membrane  of  the  proven- 
triculus are  laden  with  peptic  enzyme  or  zymogen  in  the  fasting  period. 
The  ferment  appears  to  be  stored  up  in  the  form  of  granules,  which 
are  distrharged  from  the  cells  rather  qiiickh'  during  digestion,  so  that 

ulx-hrbudi  iler  vergl.  miknifk.  AnaUimie  <ler  Wirbelthiere,  EreterTheil:  Der 
Mageii,  H.  150  ft.,  Jena,  1H96. 
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the  mucous  membrane  contaius  much  les8  fermont  during^  the  first  few 
hours  of  this  process  than  in  the  fasting  period.  As  has  been  estab- 
lished for  mammals,  the  zymogen  develops  into  the  full-fledged  enzyme 
by  the  action  of  the  free  hydrochloric  acid  secreted  by  the  gland  cells. 
The  nmcous  inembrane  seems  to  yield  the  minimum  amount  of  fer- 
ment six  to  eight  hours  after  the  ingestion  of  the  meal,  simultaneously 
with  the  height  of  digestive  activity.  At  the  tenth  to  eleventh  hour 
after  taking  food,  the  quantity  of  enzyme  commences  to  gradually 


The  "  muscular  stomach  "  or  gizzard  secretes  no  pepsin,  and  the  evi- 
dences of  the  enzyme  found  in  this  organ  are  to  be  attributed  to  the 
secretion  of  the  proventriculus.  As  reported  by  Klug  and  Teich- 
mann,  no  peptic  secretion  could  be  demonstrated  in  the  ci-op  or  esoph- 
agus. Mucus  and  in  some  instances  "crop  milk"  were  the  only 
secretions  noted.  Crastric  digestion  in  birds  possessing  a  so-called 
middle  stomach — as  the  crow,  m^pic,  etc, — was  investigated  and 
results  were  obtained  corresponding  to  those  noted  in  the  granivorous 
birds. 


There  is  bnt  scant  literature  bearing  on  pancreatic  digestion  in  birds 
available.  Claude  Bernard,"  in  1856,  first  pointed  out  the  great  vital 
significance  of  the  pancreas  in  birds.  He  removed  the  organ  and 
observed  that,  while  the  subjects  endured  the  operation  well,  starch 
passed  through  the  gastro -intestinal  tract  undigested  and  death  resulted 
in  from  ten  to  twelve  days.  It  is  of  interest  in  this  connection  to  not© 
that  the  total  removal  of  the  pancreas  in  mammals  leads  to  the  produc- 
tion of  a  fatal  diabetes.  Whether  this  effect  ensues  in  birds  under  like 
conditions  can  only  be  answered  bj'  experimental  inquiry.  This  fac- 
tor, however,  may  have  been  operative  in  the  fatal  results  induced  by 
Bernard's  experiments. 

The  effect  of  ligature  of  the  pancreatic  ducts  in  pigeons  has  been 
studied  by  Langendorff.**  The  gland  in  this  cla-ss  of  birds  possesses 
from  two  to  four  diiets.  The  results  obtained  were  essentially  the 
same  as  those  reported  by  Bernard  aftei'  total  removal  of  the  organ. 
The  animals  suffered  from  severe  hung'er  and  survived  but  a  few  days. 
The  carlwhydrate  component  of  the  diet  was  practically  unassimilated; 
the  protfiid  and  fat  but  slightly.  It  was  noted,  as  would  be  reasonably 
anticipated,  that  the  life  of  the  pigeon  could  l>e  considerably  prolonged 
by  administering  large  amounts  of  soluble  sugar. 

Langeiidorff  carried  out  observations  on  the  digestive  enzymes  of 
the  pancreatic  juice.  The  ferments  were  not  separated,  l)ut  he  reports 
that  the  starch  and  fat-digesting  power  of  the  secretion  were  relatively 
more  active  than  the  proteolytic.  Klug"  extracted  the  pancreatic 
enzymes  of  the  goose  and  states  that  proteid  and  starch  were  readily 
digested;  the  fat-splitting  enzyme  appeared  to  be  present  in  a  relatively 
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very  small  amount;  but  the  presence  of  a  rennet  or  milk -curdling 
enzyme  could  not  \)e  demonstrate. 

It  may  be  well  at  this  place  to  point  out  that  the  pancreas  of  the 
bird  is  very  large  in  relation  to  body  weight  aa  compared  with  that 
of  the  mammal.  In  the  rabbit  the  weight  of  this  organ  is  about  one 
aix-hundredth  of  the  body  weight,  while  Langendorff  has  estimated 
that  in  the  pigeon  this  gland  is  from  an  eighty-second  to  a  hundred 
and  twenty -fifth  of  the  total  weight. 

Pancreatic  digestion  was  investigated  by  Paira-Mall"  in  both 
granivorous  birds  and  those  possessing  the  "middle  stomach."  The 
histological  changes  ajssociatcd  with  the  elaboration  and  discharge  of 
ferment  in  the  pancreas  were  very  similar  to  those  described  by 
Heidenhain*'  in  the  dog  under  like  circumstances.  The  gland  cells 
In  the  fasting  period  contained  little  proteolytic  and  amylolytic  fer- 
ment, but  simultaneously  with  the  onset  of  gastric  digestion  the  cells 
became  crowded  with  the  zymogen  granules.  Paii-a-Mall  makes  no 
reference  to  the  presence  of  a  rennet-like  enzyme  in  either  the  stomach 
or  pancreas,  and  no  attempt  was  made  to  demonstrate  the  existence  of 
enzymes  in  the  intestinal  wall. 

This  brief  review  of  the  literature  indicates  that  there  is  an  urgent 
need  for  investigation  of  the  digestion  pi-ocesses  in  bird.-*.  This  is  not 
only  of  scientitiG  interest  from  the  standpoint  of  comparative  physi- 
ology, but  of  practical  significance  as  an  aid  in  the  interpretation  of 
the  data  of  digestion  experiments.  The  detailed  chemical  changes 
brought  ttl)out  by  the  ferments  upon  the  different  classes  of  food- 
stuffs, and  hence  the  determination  of  the  final  products  of  digestive 
activity,  are  yet  to  be  investigated.  A  more  exact  study  of  the  dis- 
tribution of  the  enzymes  in  the  gastro-int^stinal  tract  and  the  effects 
of  varying  (-onditions  upon  their  activity  furnish  promising  objects  of 
investigation. 

REVIEW   OP  THE   LTTERATUKK  ON   THE    DIOESTIBILITY   OF  I-OULTRY 
KOOD8TUFKS. 

The  wirliest  publication"  I>earing  on  the  digestion  coefficients  of 
the  nutrients  of  feeding  stuffs  for  poultry  appeared  in  1843.  The 
digestion  of  barley  in  a  cock  and  hen  were  studied,  chalk  and  sand 
being  offered  with  the  grain.  The  chickens  excreted  a  little  less  than 
one-half  of  what  the}'  consumed,  and  the  excrement  consisted  of, 
appi-oximatcly,  25  per  cent  of  inoi'ganic  matter. 

Voit,"  in  1861-62,  determined  the  nitrogen  balance  in  a  dove, 
employing  a  pf^riod  of  obsi>rvation  of  one  hundred  and  twenty-five 
days.  This  experiment,  while  not  a  digestion  test,  is  worthy  of  men- 
tion in  this  connection,  as  it  demonstrated  the  absence  of  a  respiratory 
exchange  of  niti-ogen. 

Weiske  and  Mehlis,"  in  1S77,  investigated  the  digestibility  of  crude 
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fiber  ia  hens.  The  food  consisted  of  the  leaves  of  the  dandelion  and 
stalks  of  the  horsetail  rush.  They  came  to  the  conclusion  that  crude 
fiber  was  not  assimilated. 

Observations  on  the  digestibility  of  millet  in  hens  were  reported  by 
Kalugin"  in  1897.  He  asserted  that  the  addition  of  sand  or  charcoal 
to  the  food  increased  the  digestibility  of  the  nutiitive  ingredients, 
csl)ecially  in  the  case  of  crude  fiber  and  orude  protein.  The  percent- 
ages of  increase  In  absorption  of  these  nutrients  for  two  experiments 
were  in  one  subject  4.68  and  2.33  and  In  another  7.73  and  7.89, 
respectively. 

In  another  publication  "  he  records  data  with  reference  to  the  digesti- 
bility of  peas,  buckwheat,  wheat,  and  barley  in  hens.  The  following 
conclusions  were  drawn:  Hens  digest  the  crude  proteid  of  peas  and 
barley  in  about  the  same  proportions  as  has  been  observed  in  experi- 
ments with  other  farm  animals;  the  assimilation  of  the  crude  proteid 
of  wheat  and  buckwheat  was  much  inferior  to  that  found  in  the  other 
two  grains.  In  their  capacity'  to  utilize  fat,  fowls  in  some  respects 
resemble  swine  and  in  other  respects,  herbivora. 

Grost  investigated  the  individual  digestibility  of  oats,  barley,  and 
rye  at  the  Peterhof  experimental  farm  in  1900.  The  experiments 
were  performed  under  the  direction  of  von  Knieriem."  lii  the  exper- 
imental period  proper  70  grams  of  the  grain  in  use  were  fed  once 
daily.  The  most  noticeable  feature  of  the  experiments  was  the  low 
availability  of  the  fat  of  rye  as  compaied  with  oats  and  barley.  This 
finding  was  in  harmony  with  results  obtained  in  digestion  experiments 
with  rye  carried  out  with  pigs,  cows,  and  sheep.  The  digestion 
coefficient  of  fat  in  oats  was  considerably  higher  than  in  the  case  of 
barley.  Crude  proteid  was  found  to  be  digested  in  higher  projiortion 
in  rye  and  barley  than  in  oats.  The  crude  fiber  of  barley  and  oats 
was  absorbed  to  a  slight  extent;  considerably  more  of  this  constituent 
was  assimilated  in  the  ca.se  of  rye. 

In  Bulletin  No.  46  of  the  Oklahoma  experiment  station  Fields  and 
Ford"  record  experiments  designed  to  study  in  poultry  the  digesti- 
bility of  Kafir  corn,  Indian  corn,  and  cowpcas.  Certain  features  of 
the  conduct  of  these  experiments  are  open  to  criticism  and  will  be 
discussed  later  (see  p.  61).  The  deductions  drawn  from  the  tests 
were  as  follows:  The  digestion  coefficients  of  Kafir  corn  and  Indian 
corn  are  rather  higher  when  the  grain  is  fed  whole  than  after  its 
ingestion  in  the  form  of  meal.  The  reverse  of  this  was  the  case  with 
cowpeas,  although  the  differences  were  not  marked.  The  percentage 
of  digested  crude  proteid,  ether  extract,  and  nitrogen-free  extract  was 
generally  higher  in  both  Kafir  and  Indian  corn  than  in  cowpeas, 

Lehmann''  recently  performe(i  two  digestion  experiments  with  bens, 
wheat  and  peas  being  the  grains  studied.  The  outlets  of  the  urine  and 
feces  were  separated  by  means  of  an  artificial  anus  established  in  the 
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abdominal  wall.  The  practical  value  of  the  data  obtained  in  experi- 
ments where  such  an  operative  procedure  ia -employed  may  be  Bome- 
what  questioned,  owing  to  the  possibility'  that  the  digestive  proceesea 
may  be  abnormally  influenced.  The  general  results  of  the  experiments 
were  as  follows:  The  assimilation  of  the  crude  fat  of  whest  was  much 
less  than  was  observed  in  the  case  of  peas.  On  Che  other  hand,  the 
digestion  coefficient  for  crude  proteid  in  peas  was  considerably  the 
greater.  The  reverse  relation  held  true  for  the  nitrogen-free  extract. 
Lehmann  concluded  that  the  digestion  coefficients  for  poultry  are  more 
comparable  to  those  of  swine  than  to  those  of  other  farm  animals. 

Shortly  before  the  completion  of  the  writers'  experiments  a  publi- 
cation on  this  subject  appeared  from  the  Berlin  Hochschule.  The 
experiments  were  performed  by  Paraschtschuk"  and  deal  with  the 
digestibility  of  corn  in  hens  and  cocks.  As  in  Lehmann's  experi- 
ments, an  artificial  anus  was  established  in  order  tliat  the  urine  and 
feces  might  be  separately  collected.  He  reports  that  the  only  unto- 
ward sequence  of  the  operation  was  a  condition  of  constipation, 
which  necessitatetl  frequent  flushing  of  the  intestines  with  physiolog- 
ical salt  solution  in  order  to  effect  defecation.  The  normal  condition 
of  the  fece.H,  however,  wa.-*  soon  restored.  The  inferences  drawn  from 
these  experiments  are  as  follows:  The  digestive  capacity  of  poul- 
try docs  not  depart  widely  from  that  of  the  large  farm  animals.  In 
their  ability  to  a.ssimilate  crude  fiber  they  resemble  swine  more  than 
ruminants  and  horses.  The  digestion  coefficient  for  ether  extrai-t 
corresponds  most  closely  to  that  of  ruminants.  Poultry  assimilate 
nitrogen- free  extract  in  less  degree  than  any  of  the  other  three  classes 
of  animals. 

The  digestion  coefficients  comprised  in  the  five  papers  just  referred 
to  are  presented  in  Table  IX  on  page  i)9,  the  digestibility  of  corn,  oats, 
wheat,  barley,  peas,  rye,  and  buckwheat  having  been  considered.  Data 
on  three  grains  onlj'— corn,  peas,  and  barley — have  been  reported 
by  more  than  one  experimenter.  A  casual  comparison  of  these  data 
shows  that,  with  the  exception  of  the  digestion  coefficients  of  barley, 
the  results  of  the  different  experiments  are  more  or  less  lacking  in 
agreement.  These  disci^epancies  may  be  accounted  for  in  various  ways, 
as  differences  in  analytical  methods,  in  the  length  of  experimental 
periods,  and  in  the  manner  of  collection  and  pi-eservation  of  the  excre- 
ment. The  factor  of  idiosyncracy  might  also  act  as  a  cause  of  varia- 
tion. A  more  detailed  consideration  of  these  data  will  be  given  at 
another  place  in  connection  with  the  discussion  of  the  results  of  the 
writer's  experiments. 

HBAT  AS  A   SOLE    DIET  FOR   POULTRY. 

Experiments  planned  to  study  the  digestibility  of  meat  have  not  as 
yet  been  undertaken  with  poultry.     Meissner,'  Minkowski,"  Meyer." 
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and  Kionka"  have  fed  meat  to  birds  experimeiitally,  hut  not  with  a 
view  to  the  determlDatioii  of  digestion  coefficients.  Meyer  and  Kionka 
investigated  the  nitrogenous  metabolism  after  meat  feeding.  Kionka 
confirmed  an  observation  of  the  other  inveatifjatora  named  in  finding 
the  uric  acid  output  enormously  increased  after  a  heavy  meat  diet. 
He  found  a  rise  of  550  per  cent  over  that  excreted  following  an  exclu- 
sive diet  of  barley.  The  excrement  from  meat  feeding  showed  an 
enormous  content  of  water  tm  compared  with  the  grain  excrement. 

It  is  of  interetit  in  this  connection  to  refer  to  a  pathological  condi- 
tion noted  by  Kionka  as  a  result  of  this  exclusive  meat  feeding.  Each 
subject  received  large  quantities  of  beef  (150  grams  daily)  over  vary- 
ing periods  of  many  weeks  in  length,  and  was  kept  in  close  confine- 
ment. This  diet  was  responsible  for  the  production  of  symptoms 
simulating  in  a  striking  manner  the  condition  of  gout  in  man.  The 
autopsies  revealed  deposits  of  unc  acid  in  certain  of  the  joints  and 
tissues.  These  results  are  of  special  interest  when  associated  with  the 
fact  that  the  addition  of  meat  to  an  ordinary  diet  occasions  a  pro- 
nounced increase  in  the  elimination  of  uric  acid  in  man.  This  etfoct 
may  be  attributed  to  the  content  of  purin  bases  in  this  form  of  diet,  and 
this  fact  may  bear  a  causal  relation  to  the  results  noted  above  in  hens. 
The  findings  of  these  experiments  are  instructive  as  suggesting  the 
possible  injurious  effects  of  feeding  meat  to  poultry,  either  exelusivoly 
or  in  an  unduly  lai^e  proportion  in  a  mixed  ration.  The  tendency  to 
harmful  results  in  the  above  experiments  would  no  doubt  have  been 
greatly  lessened  if  the  animals  had  been  given  unlimited  optiortunity 
for  exercise  in  the  open  air. 

Kionka  also  studied  the  influence  of  the  feeding  of  lime  on  the 
nitrogenous  metabolism.  The  animals  consumed  150  grams  of  meat 
daily,  to  which  were  added'  111  grams  of  egg  shells — which  consist 
largely  of  calcium  carbonate.  The  results  were  strikingly  signiticant. 
The  water  of  the  excrement  was  enormously  increased,  while  the  dry 
matter  remained  practically  unchanged.  On  the  other  hand,  while 
the  total  output  of  nitrogen  showed  little  cliangc,  the  uric  acid  excre- 
tion was  reduced  nearly  one-half  as  <'ompared  with  tlie  results  on  the 
same  diet  without  the  inclusion  of  lime.  This  fall  in  the  nric  a<tid 
output  tends  to  indictito  a  dex;rease  in  the  assimilation  of  proteid,  a 
suggestion  which  the  microscopic  examination  of  the  excrement  con- 
firmed. In  other  words,  the  addition  of  large  amounts  of  lime  to  the 
food  would  seem  to  depress  the  digestibility  of  prottsid  matter.  While 
this  statement  may  not  Iw  taken  as  conclusive,  it  suggests  the  possible 
harmful  effects  of  feeding  lime  to  poultry  in  undue  proportion. 

THE   OLYCOr.EN    KOHMATION    IN    BIRDS. 

Closely  associated  with  the  digestibility  of  foodstuffs  in  poultry  is 
the  question  of  the  glycogenic  function  of  the  liver.     While  the  main 
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features  of  the  process  are  probably  identical  in  both  birds  and  mam- 
mals, there  may  be  minor  differences  of  significance.  It  seems  desir- 
able to  briedy  mention  the  few  observations  recorded  on  the  subject, 

Tscherinow"'  first  investigated  the  conditions  of  glycogen  formation 
in  birds  in  18f>9.  He  observed  that  the  glyc<^n  disappeared  very 
rapidly  from  the  liver  of  fowls  deprived  of  food,  and  the  organ  became 
practically  glycogen-frco  in  thi-ee  to  four  days.  Pnuisnitz"  in  1890 
investigated  the  question  and  came  to  the  following  conclusions:  A 
starvation  period  of  four  days  sufficed  to  render  the  liver  free  from 
any  appreciable  quantity  of  glycogen.  Following  the  administering 
of  cane  sugar,  the  liver  glycogen  rose  rapidly,  reaching  its  maximum 
from  the  twelfth  to  the  twenty-fourth  hour.  The  value  then  fell  rap- 
idly, and  at  the  thirty-sixth  hour  the  liver  was  again  practitrally  gljco- 
gen-free.  When  the  liver  had  attained  a  certain  content  of  glycogen 
certain  of  the  other  organs  and  tissues  of  the  body  commenced  to  show 
an  increased  accumulation  of  this  cArbohydi-ate.  This  fraction  of  the 
bod^'-glycogen  increase  was  considerably  greater  after  the  eighth  hour 
than  that  observed  in  the  liver,  and  the  maximum  was  reacihed  at  about 
the  twentieth  hour.  The  body-glycogen  fell  i-apidly  at  first  but  later 
more  slowly,  and  the  minimum  was  reached  at  about  the  forty-eighth 
hour. 

Hergenhahn"  has  also  investigated  sevei-al  questions  connected  with 
the  course  of  the  formation  of  glycogen  in  the  liver  and  muscles.  Six- 
day  starviition  periotls  were  imposed  on  the  animals  to  render  the  liver 
glycogen -free.  In  three  series  of  experiments  the  influence  of  10,  20, 
and  30  grams  of  saccharose,  respectively,  on  the  glycogen  formation 
in  both  liver  and  muscle  was  considered.  The  liver  glycogen  rose 
rapidly  after  the  administration  of  the  sugar,  but  the  increase  of  the 
glycogen  in  the  muscles  was  very  gradual,  appearing  from  twelve  to 
sixteen  hours  later.  It  was  noted  that  the  liver  glycogen  practically 
equaled  the  content  in  the  nniscles  in  the  sixth  hour  following  the 
meat.  The  maximum  of  muscle  glycogen  appeared  to  be  practically 
independent  of  the  quantity  of  sugar  ingested,  and  appeared  in  from 
twenty  to  twenty-four  hours.  Among  many  other  observations  it  was 
reported  that  the  smaller  the  quantity  of  sugar  fed  the  more  rapidly 
was  the  level  of  glycogen  production  in  the  liver  reached. 

BOtrmTB  Ain>  ueihods  of  PREsinrr  experiments. 

The  general  plan  of  the  experiments  of  this  investigation  is  indi- 
cated in  Table  I  (see  p.  S'J).  Nine  hens  (A,  B,  C,  D,  E,  F,  H,  M,  and 
N)  and  one  cock  {(i)  wore  employed  as  subjects  and  sixteen  digestion 
trials  were  made.  Additional  experiments  with  other  animals  were 
also  undertaken,  but  owing  to  derangement  of  digestion  or  other 
abnormal  conditions  arising  these  were  abandoned.  Chickens  of 
varying  weight  were  selected  and  were  kept  under  observation  for 
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not  Ie.-!s  than  two  weeks  before  any  digestion  tests  were  begun.  Dur- 
ing this  time  they  were  carefully  watched  in  order  to  ascertain  whether 
normal  conditions  prevailed.  The  digestion  experiment  proper  was 
preceded  by  a  preliminftry  period  during  which  the  experimental  diet 
was  fed.  This  preliminary  period  was  never  shorter  than  five  days 
and  served  the  following  ends:  (1)  To  accustom  the  fowls  to  the  exper- 
imental diet;  (2)  to  obtain  data  relative  to  the  average  daily  volun- 
tary consumption  of  the  diet;  (3)  to  eliminate  from  the  alimentary 
canal  residues  from  previous  feeding. 

During  the  preliminary  period  of  the  experiments  the  fowls  were 
fed  ad  libitum,  and  so  allowed  to  fix  their  own  daily  consumption  of 
food.  In  the  greater  number  of  the  experiments  the  daily  ration 
ottered  during  the  digestion  period  corresponded  to  the  average  daily 
requirement  observed  in  the  preliminary  period.  In  a  few  causes  they 
received  a  quantity  somewhat  leas  than  this  in  order  that  entire  and 
absolutely  uniform  consumption  of  the  ration  might  be  secured.  It 
was  thought,  however,  that  the  conditions  would  conform  more  closely 
to  those  obtaining  on  the  farm  if  the  fowls  were  fed  sufficient  grain  to 
entirely  satisfy  the  daily  appetite,  even  at  the  expense  of  some  irregu- 
larity of  food  ingestion.  It  was  also  deemed  unwise  to  extend  the 
preliminary  period  over  a  longer  time  than  was  necessary  for  the 
objects  above  considered,  as  the  more  prolonged  the  use  of  a  single 
article  of  food  the  greater  the  tendency  to  loss  of  appetite  due  to  its 
monotony.  The  digestion  periods  proper  of  the  experiments  varied 
from  six  to  thirteen  days. 

In  the  case  of  the  meat  experiments?  it  was  particularly  needful  to 
insure  the  entire  and  immediate  ingestion  of  the  meat  fed.  Uneon- 
sumcd  meat  in  the  cage  pan  would  soon  tend  to  decompose,  and  owing 
to  the  large  loss  of  water  difficulty  would  be  met  with  in  accurately 
weighing  any  portions  left  over  from  the  day's  ration. 

A  common  source  of  error  in  digestion  experiments  is  involved  in 
the  irregular  ingestion  of  food  and  excretion  of  feces.  The  periods 
of  the  present  experiments  seem  of  sufficient  length  to  counterbalance 
the  effect  of  such  fluctuations.  It  has  already  been  pointed  out  that 
the  experimental  conditions  imposed  on  the  animals  tend  to  lead  to 
depressing  effects,  and  particularly  in  the  case  of  subjects  of  so  active 
a  temperament  as  poultry.  For  this  reason  it  is  desirable  that  diges- 
tion trials  should  be  performed  with  animals  which  have  not  been  sub- 
jected to  a  longer  confinement  than  is  absolutely  required. 

The  chickens  for  the  experiments  were  kept  in  wire-netting  cages 
29  inches  long,  17  inches  wide,  and  23  inches  in  height.  The  bottom 
of  each  cage  was  fitted  with  a  galvanized  iron  tmy,  which  could  be 
easily  removed  and  cleaned.  The  grain  was  ottered  in  feeding  toxes 
constructed  of  tinned  iron  fastened  at  the  sides  of  the  ci^eH.  These 
boxes  were  provided  with  a  sloping  bottom  designed  to  allow  the  food 
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to  slide  to  a  lip  which  projected  into  the  cage  and  was  of  sucti  size  as 
to  permit  of  ttie  fowls  feeding  without  scattering  the  grain  to  any 
great  extent.  As  a  further  precaution  against  Ioms  of  food  cloth  was 
fastened  around  the  lower  interior,  part  of  the  cage.  This  arrange- 
ment prevented  a  loss  of  grain  through  the  wire  meshet)  of  the  c^;^ 
and  confined  in  the  cage  tray  all  of  the  food  not  immediately  con- 
sumed. Feeding  boxes  of  similar  construction  to  the  above  were  also 
employed  for  sand. 

MANAGEMENT  OF  THE  CHICKENS. 

The  chickens  were  carefully  weighed  each  day  in  both  the  prelim- 
inary and  digestion  periods.  This  observation  was  made  immediately 
after  the  removal  of  the  collection  pan  and  just  before  the  feeding  of 
the  morning  ration.  The  afternoon  meal  was  given  concurrently  with 
the  removal  of  the  collection  pan.  The  condition  of  the  fresh  excre- 
ment was  carefully  watched  both  morning  and  afternoon,  its  odor, 
consistency,  and  general  appearance  being  noted.  The  appearance  of 
the  comb,  condition  of  the  appetite,  relative  loss  of  feathers,  general 
bodily  tone,  etc.,  were  given  constant  attention  as  possibly  affording 
cvidenties  of  malnutrition.  At  any  indication  of  a  deviation  from  nor- 
mal conditions  the  experiment  was  promptly  abandoned. 

The  grain  selected  for  the  experiments  was  repeatedly  winnowed 
and  then  carefully  examined  by  hand  in  order  that  a  lot  as  clean  and 
uniform  as  possible  could  be  employed.  After  sampling  for  analysis 
the  grain  was  stored  in  air-tight  cans  and  a  Httie  chloroform  added  to 
exclude  any  formation  of  molds.  The  preparation  and  sampling  of  the 
beef  fed  is  descrilwd  on  pages  29  and  3(1.  Feeding  was  always  con- 
ducted at  exactly  the  same  time  each  day  in  each  experiment.  In  some 
instances  the  chickens  were  fed  once  a  day^in  the  morning — in  others 
both  in  the  morning  and  late  afternoon.  At  the  end  of  the  daily  period 
the  grain  remaining  over  wa-s  carefully  collected  and  weighed.  Water 
was  supplied  in  circular  glass  dishes  about  an  inch  in  depth,  which  were 
firmly  fastened  to  the  sides  of  the  cages.  The  balance  left  over  from 
each  day's  quota  was  measured,  and  the  loss  by  evaporation  checked 
by  obsen'ing  the  change  in  volume  in  a  control  dish  placed  outside  of 
the  c^e  for  a  comparable  period  of  time. 

(Jravel  was  offered  in  many  of  the  experiments,  and  in  such  eases 
wtui  given  ad  libitum.  It  was  prepared  in  the  following  manner: 
Quartz  rock  was  crushed  in  an  iron  mortar  and  the  material  passed 
through  sieves  with  meshes  of  varying  size  until  a  quantity  was 
obtained,  the  individual  pirticles  of  which  were  fairly  uniform,  meas- 
uring roughly  one-eightli  of  an  inch  in  diameter.  This  mass  of  mate- 
rial was  repeatedly  treated  with  boiling  dilute  hydrochloric  acid  to 
remove  any  admixed  traces  of  iron  deiived  from  the  mortar  or  other 
soluble    inorganic  matter.     The  sand  was  widely   acattei-ed  by  the 
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animab  on  the  trays  of  the  cages,  and  much  care  was  necessary  to 
recover  the  same.  The  daily  consumption  was  not  determined,  but 
the  total  ingestion  for  the  experimental  period  was  observed  in  several 
instances. 

The  advisability  of  supplying  the  chickens  with  marble  was  consid- 
ered. Much  difficulty  lies  in  the  way  of  an  accurate,  determination  of 
the  consumption  of  gravel  and  marble  when  lioth  of  these  materials  are 
placed  at  the  disposal  of  the  animals.  They  become  scattered  together 
upon  the  bottom  of  the  cage,  and  it  is  very  difficult  to  distinguish 
accurately  between  the  marble  and  quartz  particles.  In  a  few  <ases, 
as  will  be  indicated  later,  a  mixture  of  sand  and  marble  was  fed,  but 
no  account  was  taken  of  the  amount  of  each  consumed, 

THE   APPARATUS   FOR   COLLECTION    OP   THE    EXCREMENT. 

Methods  of  collecting  the  excrement  adopted  by  certain  observers 
are  open  to  much  criticism.  Thus,  Gi'ost'''  placed  the  subjects  in  a 
box-like  structure  which  necessitated  a  stationary  position  throughout 
the  period  of  the  experiment.  Kalngin"  employed  a  similar  method. 
Such  close  confinement  of  animals  of  so  pronounced  a  vitality  seems 
abnormal,  and  rather  liable  to  lead  to  result-n  deviating  from  the  physi- 
ological. In  the  experiments  of  Fields  and  Ford"  the  fowls  were 
allowed  considerable  exercise,  but  the  excrement  was  allowed  to  drop 
upon  the  tray  of  the  cage  and  to  a  certain  extent  dry  there  l)efore 
removal.  Under  these  circumstances  there  is  opportunity  for  a  con- 
siderable loss  of  ammonia  and  pi'ogressive  decomposition  of  the  excre- 
mentitious  matter.  Paraachtschuk  "  used  an  ingenious  method  in  the 
collection  of  urine  and  feces  from  his  animals,  upon  which  the  opera- 
tion for  artificial  anus  had  been  performed.  A  small  rnbbei'  bag  was 
fastened  about  the  artificial  anus  to  receive  the  feces.  This  was 
inclosed  by  a  larger  rubber  bag  fitted  alx>ut  the  rear  portion  of  the 
animal,  to  serve  as  a  receptacle  for  the  urine. 

After  considerable  study,  the  writer  adopted  the  following  method 
of  collecting  the  excrement  as  the  most  feasible  for  the  grain  experi- 
ments. A  device,  made  of  aluminum  and  somewhat  resembling  a  l)ed- 
pan  in  shape,  was  constructed.  It  was  an-anged  to  fit  the  rear  portion 
of  the  fowl,  and  was  provided  with  an  opening  which  could  l>e  fitted 
tightly  about  the  cloaca.  This  collection  pan  was  fastened  to  the 
chicken  by  strips  of  aluminum,  which  were  riveted  to  the  sides  of 
the  upper  third  of  the  i>an  and  met  by  their  free  ends  in  front  of  the 
wings,  where  they  were  securely  fastened  together  by  means  of  stout 
cloth  tape.  This  arrangement  was  recnforeed  by  strips  of  cloth  tape, 
passing  from  lugs  attached  to  the  upper  part  of  the  pan  and  tied 
together  in  front  of  the  wings.  Plates  I  to  IV  show  the  collection 
pan  and  its  appearance  when  adjusted. 
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The  fowls  evinced  violent  irritation  after  the  attachment  of  the 
collection  pan.  The  appetite  was  greatly  reduced,  little  excrement 
was  passed,  and  a  partial  loss  of  equilibrium  ensued.  Several  days 
usually  elapned  before  normal  conditions  were  restored,  and  the  fowl 
ceased  to  show  a  disposition  to  remove  the  device.  Even  after  the 
fowls  had  become  thoroughly  liabituated  to  its  employment,  some  irri- 
tation was  usually  shown  during  the  attachment  and  removal  of  the 
apparatus.  The  pan  was  fastened  to  the  chicken  in  the  preliminarj- 
period  of  the  experiment  iu  order  that  it  might  become  accustomed  to 
its  use  before  the  beginning  of  the  digestion  trial. 

The  digestion  experiments  with  meat  were  carried  out  after  the  com- 
pletion of  the  grain  experiments  and  it  was  soon  rec<^nized  that  a 
modification  of  the  collection  apparatus  would  Ite  necessai'y.  The 
excrement  from  exclusive  moat  feeding  contains  a  large  amount  of 
water  in  contrast  with  that  from  grain  food.  The  watery  portion  filled 
up  the  small  spaces  between  the  overlapping  edges  of  the  aluminum 
pan,  depositing  quit«  large  amounts  of  urate  which  could  not  be  quanti- 
tatively removed  from  those  places.  It  did  not  seem  feasible  to  swabout 
the  apparatus  with  dilute  sodium  hydroxide,  as  considerable  ammonia 
might  be  lost.  The  advisjibility  of  employing  rubber-covered  cloth 
bags  was  considered  and  they  were  found  to  fulfill  the  purpose  quite 
satisfactorily,  Pruw-string  bags  wore  made  provided  with  small  loojis 
about  the  margin,  to  which  cloth  tape  wa.s  tied  in  strips.  The  strings 
were  passed  over,  at  the  aides,  and  under  the  body,  meeting  in  front 
of  the  wings.  A  decided  advantage  of  thi-s  arrangement  was  the  free- 
dom of  the  animals  from  irritation.  The  material  proved  to  be  imper- 
vious to  water,  held  its  position  well  when  carefully  applied,  and 
allowed  of  easy  transfer  of  the  excrement. 

METHOD   Of   PRESERVATION   Oi''  THE   EXCREMENT. 

In  the  tirst  five  experiments  the  collection  pan  was  removed  once 
dailj',  in  the  remaining  tests  it  was  detached  both  morning  and  after- 
noon. The  removal  in  the  morning  was  carried  out  at  the  same  time 
each  day  in  order  that  the  exact  weight  of  the  excrement  for  the  twenty- 
four  hours  might  bo  ascertained.  This  double  removal  of  the  excrement 
during  the  day  was  carried  out  to  prevent,  as  far  as  possible,  fermenta- 
tion, with  a  loss  of  ammonia.  Repeated  tests  always  indicated  that 
tTOi-ea  of  free  ammonia  could  bo  detected  in  the  freshly  excreted  mate- 
rial. To  arrest  this  fermentntiic  process  and  consequent  loss  of  ammo- 
nia, the  excrement  was  transferred  as  quickly  as  possible  from  the  col- 
lection pan  to  a  casserole  and  stirred  under  O.'i  per  cent  alcohol.  The 
excrement  was  dried  by  evaporation  of  the  alcohol  on  the  steam  bath, 
the  alcohol  being  renewed  if  required.  Poda'°  re[x>rts  excellent 
results  from  the  application  of  this  method  to  human  feces.  In  order 
to  prevent  the  volatilization  of  any  free  ammonia  which  might  be 
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present,  it  was  necessary  to  acidify  slightly  the  alcohol.  Hydrochloric 
acid  was  found  unsatisfactory,  owing  to  itj  charring  action,  hut  acetic 
acid  fulfilled  the  requirement  perfectly.  The  excess  was  readily 
driven  off  with  the  boiling  alcohol,  care  having  t)een  taken  at  the 
beginning  to  add  a  minimal  quantity  of  the  acid.  The  sampler)  were 
readily  dried  in  this  manner  in  one  to  two  hours.  Vigorous  and  per- 
^Histent  scraping  was  required  to  effect  a  sati^^factory  transfer  from  the 
collection  pan,and  while  a  slight  amount  of  aluminum  wai^  undoubtedly 
al^o  removed,  it  is  of  no  significance,  as  the  digestion  coefficient  for 
inorganic  matter  can  not  be  estimated  in  the  present  experiments 
(sec  p.  8.) 

At  the  close  of  the  experimental  peiiod  proper,  after  thorough 
scraping,  the  aluminum  pans  were  washed  quantitatively  with  a  1  per 
cent  solution  of  sodium  hydroxide  in  order  to  remove  any  slight  traces 
of  uric  ucid  adhering  thereto.  A  slight  loss  of  ammonia  ensued,  but 
in  all  probability  is  within  the  limits  of  error.  The  amount  of  uric 
acid  thus  obtained  was  quantitatively  determined  and  the  result  added 
to  that  observed  for  the  excrement  for  the  total  period.  After  the 
completion  of  the  drying  process,  the  daily  sample  of  excrement  was 
transferred  from  the  casserole  to  a  weighed  glass-stoppei-ed  bottle,  a 
few  drops  of  chloroform  being  added  as  a  precaution  against  the  forma- 
tion of  molds. 

THE  METHODS  OF  ANALYSIS  ADOPTED. 

The  methods  of  analysis  followed  in  this  investigation  may  Iks  con- 
sidered under  the  following  heads;  (1)  Preparation  and  sampling  of 
the  food  and  excrement;  (2)  Oi^ni(!  matter;  (3)  Crude  proteid; 
(4)  Metabolic  nitrogen;  (5)  Uric  acid;  (6)  Ether  extract;  (7)  Ammonia; 
(8)  Crude  filter;  (9)  Pentosans;  (10)  Nitrogen-free  extract;  (11)  Soluble 
ash  and  silica. 


The  grain  designed  for  feeding — oats,  corn,  or  wheat — after  being 
thoroughly  cleaned  a.s  described  on  page  26,  was  widely  spre^  out  in 
a  thin  layer  from  which  various  portions  were  selected.  This  process 
was  repeated  with  the  grain  so  selected  until  a  sample  of  about  400 
grams  was  obtained.  This  matt^rial  was  ground  to  a  tine  }Kiwdpr  and 
a  representative  sample  of  al>out  50  gmms  was  selected  for  analysis. 

The  handling  of  meat  in  metabolism  experiments,  is  much  more 
difficult  than  is  the  case  with  grain.  W.  J.  Gies"  has  proposed  an 
improved  method  for  preparing  and  preserving  meat  for  such  experi- 
ments, and  the  writer  has  followed  the  procedure  with  very  satisfactoi-y 
results.  A  quantity  of  beef  sutficing  for  the  digestion  experiments 
planned  was  washed  with  cold  water  and  freed  as  far  as  po-swible  from 
all  extraneous  fat  and  connective  tissue.     Especial  care  was  exercised 
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to  prevent  contamination  with  any  foreign  material.  The  beef  was 
then  passed  twice  through  a  sausage  machine  and  was  afterwards 
chopped  as  finely  as  possible.  It  was  then  rolled  up  into  balls  of 
convenient  size,  inclosed  in  cheese  cloth,  and  subjected  to  gradually 
increasing  pressure  in  a  large  meat  press.  After  three  to  four  hours 
the  meat  sceuied  to  be  exhausted  of  liquid  as  far  as  practicable;  it  was 
then  thoroughly  kneaded  and  spread  out  in  a  thin  layer.  As  quickly 
as  possible  three  samples  were  taken  for  the  determination  of  moisture. 
These  samples  were  made  up  of  small  portions  selected  from  various 
parts  of  the  material  and  placed  in  tightly  stoppered,  weighed  glass 
bottles.  Portions  for  analysis  were  similarly  taken  and  placed  under 
aUH>hol.  The  remaining  meat  was  rapidly  rolled  up  into  balls,  weigh- 
ing 25  grams  each,  incased  in  waxed  paper,  and  placed  in  a  large  glass 
jar.  This  was  surrounded  by  a  freezing  mixture  in  the  refrigerator, 
and  the  meat  was  thus  kept  frozen  and  perfectly  fresh  throughout  the 
period  of  the  experiment.  On  removing  the  meat  from  the  jar  and 
wi-apper  no  evidence  of  separated  fluid  was  seen  in  any  case. 

The  meat  sample  selected  for  analysis  was  thoroughly  ground  under 
alcohol  in  a  moi-tar.  It  was  subset^ucntly  transferred  to  a  convenient 
receptacle  and  heated  over  the  steam  bath  to  expel  the  alcohol,  which 
was  once  renewed  to  insuio  the  greatest  possible  dryiiig  of  the  meat. 
The  material  was  then  ground  in  a  mill  and  readily  reduced  to  a  pow- 
der, which  furnished  a  very  satisfactory  sample  for  analysis. 

EsiKicial  aire  was  required  in  preparing  the  excrement  samples,  from 
both  the  grain  and  meat,  owing  to  the  heterogeneous  cliaractcr  of  the 
material.  The  large  proportions  of  silica  and  crude  fiber  present 
in  the  grain  excrement  rendered  the  selection  of  representative  sam- 
ples particularly  difficult.  The  uric  a<id,  as  indicated  by  little  white 
areas,  is  ordinarily  scattered  very  irregularly  throughout  the  fe^»>s. 
The  air-dried  samples  were  repeatedly  ground  until  they  wore  as 
finely  divided  as  possible.  Extreme  precautions  were  taken  against 
lass  of  mati'rial  in  this  process.  Much  time  and  labor  were  required 
in  the  case  of  the  samples  of  oats  excrement,  owing  to  the  very  large 
amount  of  fiber  present.  The  whole  of  the  excrement  procured  from 
one  experimental  period  was  ground  and  sampled  for  analysis.  The 
samples  in  the  case  of  both  the  food  and  excrement  were  preser\-e(1 
in  well-wtoppered,  weighed  glass  bottles,  and  the  moisture  content 
determined  at  frequent  intervals  when  analytical  ofwrations  were  in 
pi-ogress.  In  the  selection  of  portions  for  analysis,  care  was  observed 
to  shake  the  main  sample  thoroughly  and  to  select  small  quantities 
from  difl'erent  pai-U  of  the  material.  As  the  sand  and  fiber  tend  to 
settle  toward  the  bottom,  it  was  thought  that  in  this  way  a  sample  as 
representative  as  possible  would  be  obtained.  In  the  analysis  of  the 
grain  excrement  .samples  weighing  from  2  to  3  grams  were  employed, 
for  it  seemed  unwise  to  use  smaller  quantities  in  view  of  the  hetero- 
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geneous  character  of  the  excrement.  In  the  cane  of  meat  excrement 
smaller  sampler  could  be  employed,  owing  to  the  smaller  ash  and 
higher  uric  arid  content. 

Moisture  was  determined  in  all  samples  by  drj'ing  in  a  Carr's** 
vacuum  oven  at  60^  C.  with  a  vacuum  of  2'i  to  37  inches.  It  was 
noted  that  the  excrement  tended  to  hold  the  last  traces  of  moisture 
very  tenaciously  and  readily  took  up  water  again,  thus  necessitating 
i-apid  weighing. 


For  reasons  which  have  been  previously  presented,  the  digestion 
coefficient  for  inorganic  matter  in  poultry  can  not  be  estimated  with- 
out a  previous  operative  procedure  to  separate  the  outlet  of  urine  and 
feces.  As  a  result  of  this  fact  the  percentage  of  assimilated  dry  matter 
fails  of  estimation.  The  digestion  coefBcient  for  organic  matter,  how- 
ever, is  capable  of  indirect  determination.  Obviously,  the  excrement 
comprises  more  than  the  metabolic  and  the  undigested  organic  matter 
of  the  food;  it  also  includes  the  urinarj'  organic  matter.  Hence  the 
latter  quantity  must  be  deducted  if  the  amount  of  organic  matter  in 
the  feces  is  to  he  ascertained.  The  organic  matter  of  tbe  excrement 
corresponds  to  the  total  solids  minus  the  sum  of  tlie  water,  inorganic 
matter,  and  ammonia.  The  great  bulk  of  tbe  organic  matter  of  the 
urine  ia  represented  by  uric  acid,  and  tbe  deduction  of  the  quantity  of 
this  body  from  the  organic  matter  of  the  excrement  yields  the  approx- 
imate amount  of  organic  matter  in  the  feces. 

It  is  recognized  that  there  are  two  slight  sources  of  error  involved 
in  this  calculation:  First,  the  feoal  material  contains  metabolic  organic 
substances  in  the  form  of  bile  acids  and  pigments  traceable  to  the 
bile,  mucous,  and  epithelial  debris  from  the  walls  of  the  gastro- 
intestinal tract,  traces  of  the  gastric,  pancreatic,  and  intestinal  juices, 
indol  and  skatol  from  intestinal  putrefaction,  etc. ;  second,  the  urinary 
fraction  of  the  ex<'rcmental  organic  matter  contains,  besides  uric  acid, 
traces  of  organic  suhstancea,  as  urea,  purin  bases,  etc.  The  error 
involved  in  these  two  connections  is  probably  very  sliglit  and  of  little 
or  no  practical  significance.  The  actual  digestion  coefficients,  how- 
ever, are  somewhat  higher  than  represented  in  the  tables  of  these 
experiments. 

The  various  methods  for  the  estimation  of  proteid  matter  in  food- 
stuffs were  considered,  but  serious  difficulties  were  encountered  in  the 
application  of  any  of  them  to  the  excrement.  Tbe  methods  of  direct 
determination  presuppose  either  that  the  proteid  of  the  miaterial  in 
question  is  soluble  in  water  or  that  treatment  with  hot  water  under 
certain  conditions  of  precipitation  will  remove  the  nonproteid  nitrog- 
enous matter.     Little  or  no  information,  however,  is  at  hand  with 
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refereace  to  the  chemistry  of  the  proteids  of  the  excrement  following 
the  feeding  of  corn,  oats,  wheat,  or  beef,  and  we  possess  no  definite 
information  as  to  the  details  of  the  changes  undergone  by  these 
proteids  in  their  passage  through  the  gastro-intestinal  tract  of  the 
fowl. 

It  should  be  kept  in  mind  that  a  certain  fraction  of  the  excreniBnt 
proteid  may  be  in  the  form  of  zein,  and  hence  insoluble  in  both  cold 
and  warm  water.  Furthermore,  any  water-soluble  proteid  may  have 
been  rendered  insoluble  by  coagulation  in  the  drying  process  oyer  the 
steam  bath.  Again,  a  considerable  fraction  of  the  nonproteid  excre- 
ment nitn^^n  may  be  dissolved  in  the  form  of  uric  acid  on  extraction 
with  hot  or  cold  water  and,  although  dilute  alkalies  will  completely 
remove  uric  acid  from  the  excrement,  proteid  matter  is  liable  to  be 
also  involved  in  the  solution.  The  method  of  Stutzer"  directs  that 
the  material  to  be  analyzed  be  extracted  with  hot  water  to  bring  all 
soluble  proteid  matter  into  solution.  It  will  be  remembered  that  this 
proteid  so  dissolved  is  precipitated  by  copper  sulphate;  the  original 
residue  together  with  the  precipitate  is  thoroughly  washed  with  hot 
water  to  remove  amid  bodies.  In  Mallet's"  method  the  proteid  is 
assumed  to  be  wholly  dissolved  by  warm  water. 

Several  investigators  have  estimated  the  crude  proteid  of  the  feces 
of  farm  animals  by  digestion  with  pepsin  and  0.2  per  cent  HOI. 
The  nitrogen  rendered  soluble  by  such  treatment  has  been  assumed 
to  represent  the  crude  proteid.  In  applying  this  digestion  method 
to  the  excrement  the  writer  has  observed  that  not  only  does  a  fraction 
of  the  uric  acid  enter  solution,  but  the  total  ammonia  is  necessarily 
dissolved  by  the  hj'drochloric  acid.  Hence  control  determinations 
would  be  required  on  the  amount  of  solution  of  these  substances. 
The  control  tests  must  be  performed  with  0.2  per  cent  HCl  alone, 
and  we  have  no  certainty  that  this  reagent  may  not  have  a  solvent 
action  on  the  crude  proteid  of  the  excrement.  Furthermore,  the  esti- 
mation of  uric  acid  in  the  0.2  per  cent  IICI  extract  of  the  excrement 
is  not  practicable  owing  to  the  large  admixture  of  pigment.  As  will 
be  pointed  out  later,  alwolute  alcohol  has  proved  a  fairly  satisfactory 
solvent  for  the  removal  of  the  coloring  matter  of  the  excrement. 
However,  Chittenden  and  Oslwrn"*  have  shown  that  certain  grain 
proteids — namely,  the  zeins— are  soluble  in  dilute  alcohol,  and  we 
have  observed  that  absolute  alcohol  removes  a  proteid-reacting  sub- 
stance or  substances  from  the  corn  and  the  oat  grain.  Hence  removal 
of  coloring  matter  from  the  excremcrtt  by  absolute  alcohol  may  involve 
a  loss  of  proteid  matter  as  well. 

The  application  of  the  digestion  method  to  the  excrement  of  poultry 
does  not  seem  feasible  unless  a  separation  of  the  urine  and  feces  has 
been  effected.  Paraschtschuk "  has  .studied  the  matter  under  these 
circumstances  and  his  results  will  receive  detailed  consideration  later 
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on  in  this  paper  (see  pp.  5i>,  60).  It  was  decided  in  view  of  the 
above  considerations  to  determine  prot«id  matter  indirectly. 

The  nitrogen  compounds  of  the  excrement  may  be  cla^^itied  in  four 
groups:  (1)  Ammonia,  (2)  uric  acid,  (3)  crude  proteid,  and  {+)  metabolic 
substances  of  the  feces  and  bodies  in  the  urine  exolusivc  of  ammonia 
and  uric  acid. 

In  the  present  experiments  the  data  for  the  nitrogen  of  the  total 
excrement  on  the  one  hand,  and  uric  acid  and  ammonia  on  the  other, 
tiavo  formed  the  bajiis  for  the  calculation  of  the  nitrc^en  of  the  crude 
proteid.  Total  nitrogen  was  determined  by  the  trunning  modification 
of  the  Kjeldahl  method.  The  methods  for  tbecdtiniation  of  uric  acid 
and  ammonia  will  be  described  later.  The  sum  of  the  uric  acid  and 
ammonia  nitrogen  wa«  deducted  from  the  total  nitrogen  and  the  result 
multiplied  by  the  usual  factor  for  crude  proteid — 6.25,  It  is  fully  rec- 
ognized that  the  use  of  this  factoris  not  wholly  satisfactory.  Distinc- 
tive factoi's  have  been  recommended  for  different  grainrj,  Ijtised  on  the 
chemical  composition  of  the  proteids  in  these  materials.  However, 
the  question  of  the  factor  employed  would  not  affect  the  accuracy  of 
the  digestion  coefficient,  provided  the  proteid  of  the  feces  has  the 
same  percentage  of  nitrogen  as  the  digested  pi-oteid  matter.  On  this 
point  we  have  ut  present  no  positive  data.  The  different  individual 
prot«ids  of  the  same  grain  may  show  a  varying  digestibility,  and  thus 
the  same  factor  may  not  apply  to  both  food  and  feces. 

The  crude  proteid  of  the  grain  was  calculated  in  the  customary  man- 
ner by  estimation  of  the  total  nitrogen  and  multiplying  this  result  by 
the  same  factor  as  employed  for  the  excrement.  It  has  Ireen  pointed 
out  by  several  workers  that  all  of  the  nitrogen  of  corn,  oats,  or  wheat 
is  not  present  in  the  form  of  proteid  matter.  Thus  a  fraction  of  the 
nitrogen  in  some  grains  may  appear  as  amido  acid  or  amines;  Rich- 
ardson and  Crampton,"  in  1885,  isolated  allantoin  from  wheat  germs; 
Frankfurt"  also  was  able  to  demonstrate  the  presence  of  asparagin 
in  the  same  material;  Frankfurt  and  Schuize"  observed  that  wheat 
germs  and  sprouting  barley  contained  betain  and  cholin — bodies  belong- 
ing to  the  class  of  amines.  It  is  clear  that  the  presence  of  such  sub- 
stances must  involve  an  error  in  the  analysis  for  crude  proteid;  on 
the  other  hand,  such  an  error  tends  to  counterbalance  that  incurred  by 
the  presence  of  metabolic  nitrogen  in  the  feces. 


In  the  calculation  of  crude  proteid  in  the  excrement  we  have  left 
out  of  consideration  that  fraction  of  the  excrement  nitrogen  included 
above  under  (i)  in  the  grouping  of  the  nitrogen  compounds.  The 
correction  for  metabolic  nitrogen  in  ruminants,  horses,  and  liogs  may 
make  the  digestion  coefficient  considerably  higher.  Thus  Bartlett  and 
Merrill,*'  and  Jordan  and  Merrill "  determined  the  digestion  coefficients 
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for  crude  proteid  of  15  fwMl  inateriabs  in  sheep.  On  applying  the  coi^ 
reetion  for  metabolic  nitrofjen,  the  avcraj^  iiuTeasc  in  the  value  of  the 
digestion  coefficientswanllltoll  percent,  Bartlett"  fed  timothy  hay, 
com,  and  skim  milk  to  Hhcep,  and  hy  the  application  of  certain  solvents 
he  claimed  that  30  to  45.5  per  cent  of  the  totul  nitrogen  van  extracted 
in  a  presumably  nonproteid  form.  Patterson  "  estimated  the  diges- 
tion coefficient  for  crude  proteid  in  steers  using  i-ations  of  corn  stover, 
bilage,  and  grain.  When  the  meta)H>lic  nitrogen  was  taken  into 
account  the  percentage  of  assimilation  wa.s  i-aised  K  per  cent. 

Obviously  it  is  thu»  higlih'  desirable  that  the  metabolic  nitrogen  of 
poultry  exci-einent  be  determined  from  the  point  of  analogy  with 
ruminants,  horses,  and  ht^s.  The  admixture  of  the  urine  with  the 
feces,  as  previously  pointed  out,  givatly  complit-ates  the  matter  and 
involves  more  serious  difficulties  than  arc  met  with  in  the  other  classes 
of  farm  annuals. 

Att4.mtion  nmst  also  l>e  paid  to  the  urinary  nitrogen  in  forms  other 
than  uric  acid  and  ammonia.  Thi.s  is  present  ui^  urea,  purin  bases,  and 
probably  other  unknown  bodies.  It  is  appui'cnt  that  the  solution  of 
this  (|uestion  would  )>e  gn^atly  simpHticd  if  the  urine  and  feces  were 
separated  by  means  of  an  artiticia)  aims. 

The  accuracy  of  manj'  of  the  methtnls  designed  for  the  quantitative 
anah'sis  of  nieta>K>lic  nitrogen  in  the  feces  is  not  yet  demonstrated. 
Etht^r,  hot  alcohol,  hot  water,  and  i-otd  limewatrr  liavc  l>cen  employed 
as  solvents.  As  we  have  already  pointed  out,  the  hot  ak^obol  may 
extract  pi'ot^'id  mattei'  of  the  <'l»ss  of  zeins.  The  use  of  limewater  is 
open  to  some  criticism,  as  this  reagent  dissolves  mucin— a  gluco-pro- 
teid.  The  procedure  of  subjei^ting  the  fece«  to  digestion  with  0.2  per 
cent  IICl  and  pepsin  has  l>cen  utilized,  the  undissolved  nitrogen  being 
regarded  a.s  that  fi-at^tion  of  the  fecal  nitrogen  in  the  metabolic  fonii. 
This  method  has  I>ecn  used  l)y  Iwth  (jerniau  and  American  investiga- 
tors and  in  many  cases  hiw  yielded  results  comparing  favorably  with 
those  secured  by  successive  exti-actions  with  the  several  solvents 
referred  to  aliovc.  A  criticism  of  this  plan  lies  in  the  possibility  of 
the  solution  of  nitrogen  material  other  than  proteid. 

The  use  of  hot  water  and  limewater  is  pi-ccluded  in  the  case  of 
poultry  excrement,  owing  t^>  the  presence  of  uric  acid,  and  for  the  same 
reason  the  pt^psin- digestion  method  does  not  appear  applicable,  la 
several  ."samples  we  have  estimated  the  niti-ogen  dissolved,  respectively, 
by  ether,  its  per  cent  alcohol,  absolute  alcohol,  and  acetic  ether.  These 
data  are  presented  in  Table  VIII  and  are  discussed  on  pages  57  and  68. 


It  may  be  appropriate  to  consider  brieflj'  some  of  the  more  impor- 
tant properties  of  uric  acid  Iwfore  considering  the  anal^'tical  methods 
for  the  determination  of  the  same  in  poultry  excrement.     Uric  acid  is 
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a  meml)er  of  the  rliiss  of  l>odies  known  a«  the  diureitlca,  in  which  the 
residues  of  two  iiroa  molecule«  are  united  to  a  i-»t'bon-oontaining 
nucleus.  Thus  uric  acid  was  synthetically  prepared  liy  1  lorbaezewski 
on  heating  urea  with  tridilorlactainid,  and  it  is  of  intei-est  in  thiu  con- 
nection that  Minkowski  *  found  that  the  uric  acid  in  the  urine  of  the 
goose  deprived  of  the  circulation  thi-ough  the  liver  could  he-largeiy 
replaced  by  ammonium  lactate.     (See  p.  12.) 

Pure  uric  acid  forms  a  white  powder  and  prcsentw  crystals  of  snull 
rhombic  form  of  more  or  less  prismatic  or  tabular  type.  It  is  very 
difficultly  soluble  in  cold  water — 1  part  to  15,000;  it  is  leas  insoluble 
in  boiling  water — that  is,  1  part  in  2,000,  Pure  uric  acid  is  not  dissolved 
by  ether  or  alcohol.  It  was  formerly  regarded  as  being  rather  leaf 
insoluble  in  dilute  mineral  acids  than  in  water,  but  more  i-ecent  inves- 
tigations" throw  some  doubt  on  the  matter.  Concentrated  sulphuric 
acid  di.ssolves  uric  acid  without  decomposition  and  on  freezing  the 
solution  a  crystalline  sulphate  separates  out.  It  is  readily  dissolved 
by  the  hydroxides  and  carbonates  of  the  alkali  metals  and  by  the 
organic  basic  bodies,  piperidino  and  piperizine. 

Uric  acid  has  many  of  the  properties  of  a  diliasic  acid.  It  forms 
three  classes  of  salts.  If  uric  acid  be  dissolved  in  a  solution  of  sodium 
carbonate  an  acid  urate  is  obtained,  which  compound  is  soluble  with 
difficulty  in  water.  On  dissolving  in  sodium  hydroxide  a  second 
hydiogen  atom  is  replaced  and  the  neuti-al  urate  (Cr.H,Na,N,Oj)  results, 
which  is  readily  soluble  in  water.  The  uric  acid  salt^s  of  the  heavy 
metals  are  practically  insoluble.  The  third  order  of  stilts — the  quad- 
riurates — are  of  special  physiological  interest.  They  may  be  pre- 
pared by  boiling  uric  acid  with  dilute  solutions  of  acetate  of  potas- 
sium, and  from  such  a  solution  the  quadriurate  separates  either  in  an 
amorphous  or  crystalline  condition.  As  the  (juadriuratcs  arc  .so  readily 
broken  up  into  acid  urates  and. uric  acid  on  treatment  with  water, 
their  solubility  in  this  menstruum  has  not  been  determined.  The  evi- 
dence indicates,  however,  that  they  are  even  less  soluble  than  the  acid 
urates.  Sir  William  Roberts'  has  elaborately  investigated  this  type  of 
urate  and  considers  that  the  uric  tu-id  salt  of  the  blood  and  urine  is 
present  in  the  fonii  of  the  quadriurate.  lie  has  shown  that  in  all 
probability  uric  acid  exists  in  the  urine  of  the  l^rd  as  ammonium 
quadriurate,  0,H,N,0,CJI,  (N  H,)  N,0,. 

In  the  few  digestion  experiments  which  have  been  carried  out  with 
poultry  the  method  of  von  Knierieni''  has  Iwen  employed  for  the  esti- 
mation of  uric  acid.  A  few  slight  moditications  have  been  suggested, 
but  it  is  performed  essentially  as  follows:  The  weighed  quantity  of 
excrement  is  extracted  with  a  boiling  dilute  solution  of  sodium  or 
potassium  hydroxide.  The  alkaline  extract  is  filtered,  the  residue 
thoroughly  washed  with  distilled  water,  and  the  filtmte,  plus  the  wash- 
ings, acidified  and  evaporated  to  small  volume.     The  concentrated  solu  - 
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tion  in  allowed  to  stand  in  the  cold  to  insure  fui  complete  a  separation 
of  uric  acid  as  possible.  The  crystals  of  uric  acid  may  then  be  deter- 
mined gtavimetricallj,  or  total  nitrogen  may  be  estimated  and  a  calcu- 
lation made  therefrom. 

Much  improvement  over  this  method  is  demanded  if  reliable  data 
are  to  he  obtained.  The  uric  acid  is  precipitated  from  the  alkaline 
solution  deeply  pigmented  and  admixed  with  more  or  1ph.s  extraneous 
organic  material  which  presumably  interferes  seriously  with  the  accu- 
racy of  either  a  gravimetric  or  nitrogen  determination.  Dr.  Thunia.s 
Clarke,  working  in  this  laboratory,  substituted  a  5  per  cent  solution 
of  borax  as  the  solvent  in  place  of  sodium  hydroxide.  The  filtration 
of  the  extract  consumed  less  time  with  this  modification,  but  much 
foreign  matter  still  separated  with  the  uric  acid  on  acidification.  The 
borax  extract  combined  with  the  washings  (together  making  200  to 
250  c,  c.  in  volume)  was  set  aside  for  the  separation  of  uric  acid.  In 
check  experiments  we  have  demonstrated  that  a  con.siderable  propor- 
tion of  the  uric  acid  fails  to  precipitate  from  such  a  large  volume  of 
fluid,  and  unless  concentration  to  a  low  volume  is  carried  out  the 
results  obtained  are  misleading. 

Another  modification  of  this  method  has  been  employed  by  Grost." 
It  is  a  reasonable  assumption  that  at  least  a  jrortion  of  the  extraneous 
matter  thrown  down  from  these  alkaline  extracts  by  acid  is  in  the  form 
of  pro teid  matter.  This  investigator  attempted  to  remove  this  mate- 
rial from  the  extract  before  the  separation  of  uric  acid.  The  filtered 
sodium  hydroxide  extract  of  the  excrement  was  diluted  to  a  very  large 
volume  and  slightly  at^idified,  when  filtration  wa.s  immediately  carried 
out.  Grost  states  that  the  precipitate  readily  separated  in  flocculent 
uiasses  and  that  filtration  was  performed  Ix'fore  uric  acid  had  appar- 
ently dcpt>sited.  The  filtrate  was  concentrated  to  a  small  volume,  and. 
after  standing,  the  uric  acid  was  tillered  off  and  weighed.  This  modifi- 
cation appears  to  us  to  be  open  to  some  criticism.  No  control  testa  on 
its  accuracy  are  reported,  and  small  quantities  of  uric  acid  separated 
during  the  process  of  filtration  may  have  been  o^ei'lookcd. 

The  writei'  has  considered  the  feasibility  of  the  reliable  methods 
employed  in  the  estimation  of  uric  acid  in  human  urine.  It  may  be 
said  at  the  outset  that  in  all  of  these  methods  it  is  necessary,  as  a 
preliminary  step,  to  effect  its  solution.  The  alkali  employed  to  this 
end  is  very  likely  to  also  remove  proteid  matter.  Hence  it  is  desir- 
able to  utilize  a  method  in  which  the  proteid  and  uric  acid  may  be 
separated  from  each  other  or  in  which  the  presence  of  proteid  material 
will  not  act  as  an  interfering  factor. 

With  the  use  of  the  Ludwig-Salkowski"  method  it  seems  probable 
that  the  proteid  would  l)e  precipitated  l)y  the  animoniacal  silver  solu- 
tion and  redissolved  on  the  decomposition  with  hydrogen  sulphide. 
The  applicability  of  the  method  of  Hopkins  "  was  also  tested,    A  very 
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dilute  borax  extract  of  a  weighed  amount  of  excrement  was  saturated 
with  ammonium  chloride,  when  the  material  separated  in  flocculent 
masses.  After  standing  several  hours  the  material  was  collected  on 
a  small  filter  and  thoroughly  wa.shed  with  a  saturated  ammonium 
chloride  solution.  The  precipitate  was  then  transferred  to  &  small 
bpaker  with  hot  water,  acidified,  and  evaponit«d  to  a  volume  of  about 
25  c.  c.  The  precipitated  crystals  appeared  mixed  with  other  organic 
matter,  which,  although  present  in  smiill  amount,  precluded  either 
weighing  or  accurate  titration  of  the  uric  acid  with  potassium  per- 
manganate. 

Jolles"'"  has  reported  a  method  which  rests  on  the  assumption  that 
uric  acid  under  certain  appropriate  conditions  willyield  all  of  its  nitro- 
gen in  the  gaseous  state  when  decomposed  by  sodium  hypobromite. 
This  method  did  not  appear  sufficiently  established  to  justify  its  trial 
in  these  experiments. 

It  has  long  been  known  that  piperidine  is  a  ready  solvent  for  uric 
acid,  the  easily  soluble  salt,  piperidine  urate,  being  formed  in  the 
reaction.  Tunnicliffe  and  Rosenheim"  by  utilizing  this  fact  have 
*  devised  avolumotricprocess  for  the  determination  of  uricacid  in  human 
urine.  They  first  showed  that  pure  uric  acid  could  Ixi  quaatitEtively 
titrated  against  a  N  20  solution  of  piperidine,  phenolphthalein  Ijeing 
used  as  the  indicator.  The  operation,  as  applied  to  the  uric  acid  of 
the  urine,  was  carried  out  in  the  following  manner:  The  uric  acid 
from  100  c,  c,  of  urine  was  sepamted  according  to  the  directions  of 
Ludwig-Salkowski,  collected  on  a  filter,  and  washed  acid  free.  It  was 
then  ti'anaferi'ed  to  a  small  dish  with  about  25  c.  c.  of  water  and  titrated 
at  boiling  temperature  (^inst  a  N  20  solution  of  piperidine.  Check 
determinations  performed  with  the  Ludwig-Salkowski  method,  in  which 
the  uric  acid  was  weighed,  demonstrated  a  very  satisfactory  agreement. 
The  obvious  advantage  of  this  method  as  applied  to  poultry  excrement 
ia  that  the  presence  of  proteid  material  does  not  necessarily  interfere 
witli  the  titi'ation. 

Kionlui,'°  in  a  paper  published  in  I89d,  tested  the  adaptability  of 
this  method  to  the  excrement  of  hens,  and  reported  satisfactory  results. 
Very  small  samples  of  meat  excrement— 0.2  to  0.3  grams — were  selected 
and  extracted  with  repeated  portions  of  a  mixture  of  equal  parts  of 
alcohol  and  ether  to  remove  coloring  matter.  It  is  apparent  that  if  the 
excrement  were  now  titrated  with  a  solution  of  piperidine  that  ammo- 
nia would  Ik;  generatcdand  interfere  with  the  reaction.  Kionka  removed 
the  ammonia  quantitatively  in  the  following  way:  The  sample  was 
treated  with  a  little  dilute  hydrochloric  acid  to  liberate  uric  acid  from 
any  of  its  salts;  the  mixture  was  left  standing  for  several  hours  to 
allow  for  the  separation  of  any  uric  acid  which  might  have  entered 
solution.  Filtration  was  then  carried  out  and  the  residue  washed  to 
free  from  hydrochloric  acid.     The  excrement  was  now  transferred  by 
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means  of  25  c,  c,  of  water  to  a  small  l>eaker  and  directlj-  titrated  as 
prescrilHKl  by  Tunnicliffe  and  Koaenhcinn,  against  a  standard  solution 
of  piperidine. 

Kionkft  employed  a  N'o  solution  of  piperidine  in  place  of  the  N  20 
solution  used  by  these  authors.  Some  criticism  with  reference  to  this 
method  occurred  to  the  writer.  It  will  l)e  noted  that  the  samples 
selected  for  analysis  were  of  very  small  quantity,  and  it  seems  ques- 
tionable whether  or  not  they  would  be  sufficiently  representative  of 
the  material  analyzed.  In  digestion  tests  with  grain  at  least  the  large 
amounts  of  sand  and  fiber  present  woujd  necessitate  the  use  of  far 
latter  samples  if  concordant  and  accui-ate  results  are  to  be  obtained. 
The  error  of  using  small  samples  would  be  t-orrespondingly  greater 
than  in  the  analy.sis  of  the  excrement  from  moat  feeding,  and  particu- 
larly in  view  of  the  fat^t  that  the  uric  acid  content  is  strikingly  greater  " 
in  the  latter  material.  It  also  appeared  that  the  use  of  a  N  5  solu- 
tion of  piperidine  involved  a  much  greater  liability  to  error  than  the 
employment  of  a  N  20  or  N  10  solution.  Thus  in  Kionka's  analyses 
0.1  c.  c.  of  the  piperidine  solution  was  equivalent  to  3.30  mg.  of  uric 
acid.  Thus  in  view  of  the  small  amounts  of  excrement  employed  and  • 
the  high  percentage  of  uric  acid  a  slight  error  would  be  tremendously 
multiplied. 

A  further  criticism  ha.s  reference  to  the  iH>ssibility  that  the  excre- 
ment maj'  contain  material  which,  in  addition  to  uric  acid,  reacts  with 
piperidine.  Kionka  makes  no  mention  of  anj'  experiments  designed  tu 
test  this  possibihtj'.  Tlie  writer's  experiments  in  this  connection  with 
grain  excrement  will  be  presently  considered.  The  method  was  first 
submitted  to  the  test  of  repetition,  samples  of  gmin  excrement  of  2 
grams  weight  l)cing  ompioycd  and  a  piperidine  solution  of  N  10 
strength.  Great  care  was  used  to  obtain  uric  acid  of  al«otute  purity 
for  the  standardization  of  the  piperidine  solution  u.sed  in  all  of  the 
analyses.  A  specimen  of  uric  acid  prepared  by  Kahlbaum  was  three 
times  recrystallized  from  .solution  in  dilute  sodium  hydroxide  by  pre- 
cipitation with  hydrochloric  acid.  The  eiyatals  were  washed  with  dis- 
tilled water  until  no  further  trace  of  chlorine  coukl  be  detected  in  the 
wash  water.  They  were  then  treated  successively  with  absolute  alco- 
hol and  ether,  and  finally  dried  to  a  constant  weight  at  106^  C.  The 
nitrogen  content  was  determined  in  duplicate,  with  the  result  that  the 
criterion  percentile  of  purity  was  obtained.  From  0,1  ti)  0.2  gram  of 
the  crystals  was  taken  and  titrated  i^inst  an  approximately  N  10 
solution  of  piperidine  at  a  temperature  ,'*!ightly  below  Iwiling,  phe- 
nolphthalein  being  added.  The  crystals  readily  dissolved  and  the  end 
point  was  ^ea(^hed  in  two  to  three  minutes.  The  titre  of  the  solution 
was  redetermined  weekly,  but  was  found  to  show  no  appreciable 
change  in  intervals  less  than  one  month. 

Considerable  difficulty  was  confronted  in  the  exact  determination  of 
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the  end  point  of  the  reaction,  which  was  obscured  to  a  certain  extent 
by  butb  the  quantity  of  the  suspended  excrement  to  be  handled  and 
the  pigment  in  the  solution.  A  more  effective  methinl  of  judging  the 
end  point  was  performed  as  follows:  A  perforated  platinum  di^k  was 
sealed  in  the  end  of  a  long  glass  tube  and  covered  with  a  thin  layer  of 
asbestos.  A  portion  of  the  fluid  was  drawn  through  this  into  the 
tube,  and  solid  particles  being  excluded,  the  tint  of  the  solution  could 
more  i-eadily  be  scon.  The  duplicate  data  yielded  by  tliis  method 
were  not  wholly  satisfactory,  and  it  waa  felt  that  some  improvement 
must  be  instituted  before  the  results  could  be  accepted  with  confidence. 

The  mixture  of  equal  parta  of  alcohol  and  ether  recommended  by 
Kionka  proved  ineffectual  in  removing  sufficient  coloring  matter  from 
the  excrement.  The  action  of  a  numt)er  of  solvent'!  on  2-gram  sam- 
ples was  tried  in  this  respect  and  care  was  taken  to  ascertain  whether 
any  extraction  of  uric  acid  had  been  effected.  Ether,  benzol,  amylal- 
cohol,  and  acetic  ether  gave  unsatisfactory  results.  Uric  acid  could 
not  be  detected  in  these  extracts,  but  in  each  case  the  residue  yielded 
further  pigment  on  extraction  with  95  per  cent  alcohol.  This  latter 
reagent,  however,  removed  a  trace  of  uric  acid  from  the  excrement. 
Absolute  alcohol  afforded  the  most  satisfactory  results  in  this  connec- 
tion and  exerted  no  solvent  action  on  the  uric  acid  of  the  excrement  in 
the  grain  experiments.  A  trace  was  removed,  however,  from  the 
meat  excrement,  but  it  was  too  minute  to  be  determined.  Samples 
weighing  2  or  3  grams  were  extracted  with  successive  portions  of 
boiling  absolute  alcxihol  of  25  c.  c.  each.  The  residue  from  the  first 
two  extractions  jielded  a  faint  Schercr's  test,  but  the  additional  extrac- 
tive fluid-j  resulted  negatively.  The  number  of  extractions  required 
to  exhaust  the  excrement  was  dependent  on  the  nature  of  the  grain 
that  was  fed.  Four  successive  treatments  with  50  c.  c.  of  boiling  abso- 
lute alcohol  usually  sufficed  for  the  excrement  from  oats  feeding,  but 
in  the  case  of  the  corn  samples  two  or  three  additional  extractions 
were  necessary.  Four  extractions  removed  the  bulk  of  the  pigment,  but 
the  seventh  filtrate  f  ram  the  meat  excrement  still  showed  a  faint  color. 

The  method,  in  the  form  which  we  finally  adopted  it,  was  applied 
as  follows:  The  material  to  be  analyzed  was  thoroughly  shaken  and 
a  sample,  weighing  from  2  to  3  grams  in  the  case  of  the  grain  and 
i  to  1  gram  in  the  case  of  meat  excrement,  was  selected  by  taking 
small  portions  from  various  parts  of  the  mass.  The  grain  samples 
were  extracted  with  successive  50  c.  c.  portions  of  absolute  alcohol  and 
the  meat  samples  with  25  c.  c.  portions,  until  all  soluble  coloring  matter 
had  been  removed,  it  wan  then  allowed  to  dry,  after  which  it  was 
treated  with  25  c.  c.  of  0.5  per  cent  HCI,  stirred,  and  loft  in  the  refrig- 
erator overnight.  The  material  was  filtered  off  the  following  morning 
and  washed  twice  with  wat*r  to  remove  the  bulk  of  the  adhering  hydro- 
chloric acid.     Extraction  WHS  now  carried  out  with  an  excess  of  Ijoiling 
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N/lO  piperidine  solution,  two  to  three  drops  of  phenolphthalein  being 
added  as  the  indicator.  The  solution  was  filtered  and  the  residues 
were  washed  with  hot  piperidine  solution.  The  filtrate  and  washings 
wore  combined,  the  solution  was  acidified  with  hydrochloric  acid, 
evaporated  over  the  .steam  bath  to  a  volume  of  about  25  c.  c,  and 
plated  in  the  ite  box.  After  the  lapse  of  two  or  three  days  the 
separated  uric  acid  was  collected  on  a  small  filter,  washed  with  just 
siifficirnt  water  to  remove  all  traces  of  hydrochloric  acid,  and  trans- 
ferred to  a  small  Iteakcr  with  about  25  c.  c,  of  distilled  water.  A  little 
phenolphthalein  was  added  and  the  titration  conducted  with  a  N  10 
piperidine  solution  as  described  above. 

A.S  a  further  check  upon  the  accuracy  of  the  method  of  titration 
with  piperidine,  I  have  added  pure  uric  acid  to  samples  of  previously 
determined  uric-acid  content  and  estimated  the  percentage  recovered. 
Six  trials  of  this  character  were  undertaken.  The  following  data  are 
typical  of  the  results:  0.1074,  O.ICSI,  and  0.1321  gram  of  uric  acid 
were,  respectively,  added  to  2-gram  samples  of  oats,  corn,  and  wheat 
excrement,  and  the  corresponding  percentages  recovered  by  the  method 
were  97.3,  97.5,  and  98.9  per  cent. 

Mention  should  be  included  here  of  some  additional  ohservaUons  in 
connection  with  this  method.  Great  care  was  exercised  to  remove  all 
traces  of  hy<irochloric  acid  from  the  excrement.  Thua  it  has  been 
calculated  that  for  every  milligram  of  hydrochloric  acid  present,  a 
plus  error  of  3.ti5  nig.  of  uric  acid  would  be  involved  in  the  titration 
with  piperidine.  Hence  the  presence  of  a  relatively  slight  amount  of 
the  mineral  acid  may  thus  introduce  an  appreciable  error  in  the  uric- 
acid  determination.  That  the  excrement  itself  contains  acid-reacting 
material  was  shown  by  tlie  acid  reaction  of  aqueous  and  alcoholic 
extracts  toTvard  litnms  and  congo-red  paper  and  by  the  behavior  of  the 
same  toward  a  N  10  .wlution  of  piperidine.  As  has  lieen  pointed  out 
before,  the  slight  impurity  separated  with  the  uric  acid  consisted  of 
deeply  pigmented  amorphous  material.  The  uric  acid  ib*elf  contained 
but  little  pigment  and  frequently  crystallized  out  in  absolutely  color- 
less condition.  This  amorplious  material  dissolved  on  adding  a  few 
drops  of  piperidine  to  the  hot  liquid.  This  fluid  was  transferred  to 
another  small  Iwaker,  thus  leaving  in  the  first  vessel  practically  all  of 
the  uric  acid  to  Ite  determined.  The  transferred  solution  was  now 
titrated  to  the  end  ixjint.  The  uric  acid  remaining  behind  was  then 
treated  with  25  c.  c.  of  distilled  water,  the  indicator  added,  and  the  titra- 
tion wos  completed.  It  wa«  thus  found  expedient  to  titrate  the  great 
bulk  of  the  uric  acid  in  a  solution  pi-actically  free  from  coloring  mat- 
ter. The  quantity  of  uric  acid  dissolved  served  as  a  signal  to  the 
approach  of  the  end  reaction.  The  latter,  however,  occurred  slightly 
subsequent  to  the  entire  solution  of  the  uric  tu:id,  due  presumably  to 
a  cci-tain  solvent  action  of  the  hot  water  <)n  the  substance. 
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The  writer's  attention  was  parly  called  to  the  fact  that  the  chemi- 
cally pure  uric  acid,  as  Hhown  in  the  standardization  of  the  N ,  10  piper- 
idine  solution,  dissolved  more  rupidly  in  thiij  reagent  than  the  same 
body  separated  from  the  excrement.  It  was  at  first  thought  that  the 
absence  of  impuritieH  assot^iatt'd  with  the  pure  uric  acid  might  account 
for  this  result.  That  uric  acid  existed  in  a  much  more  finely  divided 
condition  than  in  the  case  of  the  other  material  was  also  recognized. 
Samples  of  uric  acid  from  the  excrement  were  therefore  finely  ground 
and  titrated,  and  the  diflference  now  very  Uir^ely  disappeared.  This 
modification,  however,  was  not  attempted  in  the  quantitative  operations 
owing  to  the  tendency  to  loss  of  material. 

A  curious  fact  was  noted  with  regard  to  the  determination  of  the 
end  point  of  the  titration.  When  the  pink  color  indicating  the 
conclusion  of  the  titration  was  reached  and  the  fluid  was  permitted 
to  fltjind  until  cool,  the  tint  deepened  quite  markedlj'.  On  heat- 
ing to  the  boiling  point,  the  previous  faint  color  was  restored,  but 
was  again  intensified  on  cooling.  In  the  case  of  other  samples,  the 
titration  was  stopped  when  the  amount  of  piperidine  added  fell  within 
0.2  to  O.'d  c  c.  of  producing  the  end  color.  When  the  titration  fluids 
had  cooled,  a  faint  pink  color  manifested  itself.  The  writer  is  not 
awaris  that  similar  olxservations  have  been  previously  reeoi-ded.  While 
no  explanation  is  ofllcied  at  present  for  these  results,  it  is  suggested 
that  under  Uie  experimental  conditions,  a  slight  dissociation  of  the 
piperidine  urate  occurs  at  I'oom  tempemtui-e.  However,  this  matter 
had  no  practical  bearing  on  the  accuracy  of  the  method. 


The  customary  method  recommended  by  the  Association  of  Official 
Agricultural  Chemists"  was  employed.  From  2  to  3  grams  of  the 
material  were  dried  to  constant  weight  in  vacuo  at  60^  C.  and  extracted 
in  a  Knorr's  extraction  apparatus  for  twenty -one  hours.  After  drying 
and  weighing  the  process  was  continued  a  day  longer  in  order  to 
insure  a  complete  removal  of  the  ether  extract,  but  no  a^lditional 
weight  was  lost.  The  unsatisfactory  nature  of  the  present  methods 
for  fat  estimation  is  very  ohvious.  The  ether  extract  in  Iwjth  the 
grain  and  excrement  contains  considerable  material  other  than  true  fat 
represented  by  waxes,  organic  wids,  pigment,  etc.  If  such  constitu- 
ents passed  through  the  digestive  ti-act  unabsorl)ed,  the  error  involved 
would  be  largely  counterlmlanced.  However,  the  metabolic  products 
of  the  feces  maj'  comprise  appreciable  quantities  of  ether-soluble 
material  in  the  form  of  cholesterin,  organic  acids,  and  pigments  fi-om 
the  biliary  secretion.  It  is  thus  desirable  to  devise  methods  for  the 
determination  of  the  nonsaponitiable  material  in  the  ether  extract  of 
both  food  and  feces.  The  application  of  such  a  correction  may  ele- 
vate the  digestion  coefficient  for  fat  to  an  appreciable  extent. 
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The  method  of  Schlossing"  was  ^ven  consideration,  but  seemed  to 
be  of  inconvenient  length  and  involved  the  pois.sibility  of  the  decom- 
position of  the  proteid  matter  and  other  iiitro^noua  bodies  by  bac- 
terial action.  Distillation  with  verj'  dilute  Rodium  carbonate  was 
undertaken,  but  it  was  found  impossible  at  the  start  to  carry  out  the 
distillation,  owing  to  the  extreme  foaming  induced  by  the  saponifi- 
cation. This  difficulty  was  obviated  by  utilizing  the  residues  from  the 
ether  cxtnu^t  for  this  pui-pose. 

It  was  also  deemed  possible  that  the  sodium  carbonate  might  exert 
some  destructive  action  on  the  proteid  of  the  excrement.  Hence  the 
method  of  distillation  with  magnesia"  was  next  attempted,  and  was 
found  to  reijuiro  less  time  and  manipulation.  The  results  obtained 
were  slightly  lower  than  those  yielded  by  the  distillation  with  sodium 
carbonate,  but  within  the  limiti  of  error.  The  passibility  baa  not 
been  overlooked  that  a  fraction  of  the  nitrogen  of  urea  and  pos-^^ibly 
other  extractive  bodies  may  pass  over  as  ammonia,  but  this  slight 
error  would  tend  to  (^ounte^^Mllan(■e  the  eiTor  committed  in  overlook- 
ing such  substances  in  the  crude  proteid  calculation, 


The  Weende"  method  was  followed,  although  it  is  realized  that  the 
results  obtained  are  not  of  satisfactory  accui-acy.  Other  methods  have 
been  proposed  in  recent  years,  but  none  as  yet  seem  of  established 
reliability.  It  has  been  demonstrated  that  the  so-called  crude  fil)er  of 
foodstuffs  is  merely  a  mixture  of  true  cellulose,  oitj'cellulose,  lignin, 
etc.,  the  proportions  of  these  various  components  differing  according 
to  the  source  of  the  material  and  to  the  time  of  action  and  .strength  of 
the  solvent  used. 


The  directions  of  Toliens,  as  modified  and  adopted  by  the  Associa- 
tion of  Official  Agricultural  Chemists"  were  followed.  It  was  noted 
that  a  much  longer  period  of  drying  was  required  for  the  phlorogtucol 
precipitate  than  is  called  for  in  the  outline  of  the  method.  Hence  it 
was  found  convenient  to  shorten  the  drying  process  by  the  selection  of 
smaller  samples  of  the  material  according  to  a  recommendation  recently 
made  by  the  ofiicial  association. 


This  component  was  calculated  in  the  excrement  as  follows:  The  sum 
of  the  percent^ca  of  the  following  substances  was  computed,  namely, 
moisture,  ash,  crude  pn>teid,  ether  extract,  crude  fiber,  uric  acid,  and 
ammonia.  This  result  was  deducted  from  the  total  dry  matter,  the 
difference  yielding  the  nitrogen-fi-ec  extract. 
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Care  was  exercii;ed  to  select  particularly  large  maniples  (3  to  4  graom) 
for  the  ash  determinations,  owing  to  the  high  proportion  of  inot^nic 
matter  in  the  excrement.  The  combination  was  conducted  in  porcelain 
disbe8  in  a  mufile  at  the  lowent  [>ossible  red  heat.  Soluble  ash  and 
t'«rl>on  were  determined  aeconling  to  the  official  method."  Eflpocial 
care  was  taken  to  render  the  total  silica  insoluble.  The  fish,  Iteing 
treated  with  hydrochloric  acid  of  specific  gravity  1. 115,  was  repeatedly 
evaporated  to  dryness  over  the  steam  bath  and  prolonged  heating 
carried  out  between  the  successive  evaporations. 

DETAILS  OF  THE  PBESENT  EXFERHCENTS. 

The  preliminary  period  of  each  of  the  experiments  eonsiated  of  live 
days,  during  which  time  the  collection  pan  was  employed.  As  pre- 
viously stated  the  pan  caused  considerable  irritation  at  first,  but  this 
soon  disappeared. 

In  the  first  four  experiments  the  chickens  were  daily  offered  slightly 
more  grain  than  they  consumed,  llie  grain  was  fed  for  two  weeks 
prior  to  the  digestion  experiment,  the  average  daily  requirement 
being  thutj  ascertained.  The  food  consumption  did  not  show  any 
great  irregulai'ities  after  three  to  five  days.  In  the  fifth  trial  the 
quantity  fed  was  somewhat  less  than  the  appetite  demanded,  in  order 
that  im  absolutely  uniform  daily  consumption  might  Im3  assured.  It  is 
recognized  that  this  uniformity  so  gained  may  be  somewhat  incompat- 
ible with  normal  conditions  if  the  food  requirement  was  not  fully  met. 
It  will  be  noted  that  in  the  case  of  subjects  B  and  O  marble  was 
made  available  with  gravel,  but  the  respective  amounts  of  these  mate- 
rials consumed  were  not  determined.  (See  Table  VI.)  Gravel  was 
withheld  from  chicken  G  both  during  the  experimental  period  and 
for  several  weeks  prior  to  that  time.  This  experiment  will  receive 
special  comment  in  connection  with  two  trials  with  oats,  in  which  the 
subjects  were  similarly  deprived. 

QBNSBAL  SC1IEHE  OF  THE   EXPEBIHBNTS. 

The  general  8(^heme  of  the  experiments  is  presented  in  Table  I, 
The  chickens  are  designated  by  lettei's,  and  when  more  than  one  test 
was  carried  out  with  the  same  chicken  the  order  of  their  performance 
is  indicated  by  a  small  number  placed  at  the  upper  right  of  the  letter. 
The  total  weight  of  the  air-dried  excrement  in  column  4  represents 
that  of  the  material  after  being  dried  and  ground  for  analysis.  The 
other  features  of  the  table  seem  to  be  self-explanatory. 

Table  II  records,  for  the  entire  series  of  experiments,  the  daily  con- 
sumption of  foqd  and  water,  the  output  of  excrement,  and  the  body 
weight;  also  the  date  and  duration  of  each  trial.     The  I'elation  of  daily 
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weight  of  food  and  excrement  calls  for  comment.  Obviously  the  con- 
dition;^  of  the  experiment  with  chicken  A  arc  not  wholly  satisfactory, 
owing  to  the  irregulai'  food  cooyumption  during  the  tirst  nine  days. 
The  data  for  the  last  four  days,  however,  show  but  little  variatioa. 
Thi.s  fact,  na  well  as  the  great  length  of  the  experimental  period,  would 
tend  to  counterlalance  these  fluctuiitions.  It  will  be  noted  in  the 
various  experiments  that  the  variations  in  the  elimination  of  the  excre- 
ment do  not  necessarily  show  an  orderly  correspondence  to  the  fluctu- 
ation of  grain  ingestion.  This  feature  of  the  results  is  even  conspicu- 
ous in  the  experiment  with  cJiicken  G,  when  the  daily  intake  was 
practically  uniform.  This  circumstance  would  seem  to  he  accounted 
for  by  an  inherent  tendency  of  the  chicken  to  irregularity  of  excretion. 
Such  facts  emphasize  the  need  of  experimental  periods  of  sufficient 
length"  to  overcome  this  source  of  error  so  far  as  possible. 

COMPOSmON    OP   THE   POOD   AND    BXCBEHBNT. 

The  analytical  data  of  the  foods  consumed  are  to  be  found  in  Table 
III.  Sample  1  of  corn  formed  the  ration  in  experiments  with  chickens 
A,  B,  and  0;  sample  2  was  fed  to  chickens  D  and  G.  Sample  foT 
oatH  was  employed  in  all  of  the  experiments  with  this  grain  excepting 
that  with  chicken  H,  in  which  sample  2  was  used.  The  wheat  sample 
waa  employed  with  chicken  A,  this  being  the  only  wheat  test  that  was 
satisfactorily  completed.  The  beef  sample  was  used  for  the  experi- 
ments with  chickcHM  M  and  N. 

Table  IV  exhibifH  the  analytical  data  of  the  air-dried  excrement. 
The  variation  of  the  samples  in  silica  content  is  very  conspicuous, 
ranging  from  0.88  per  cent  in  chicken  N  to  28.48  per  cent  in  chicken 
C,  and  a3  the  silica  ingested  is  practically  a  neutral  factor  as  regards 
absorption  it  was  decided  to  render  the  data  of  the  excrement  sam- 
ples more  comparable  by  calculating  the  same  on  a  moisture-and-silica- 
free  basis.  Accordingly,  the  data  in  Table  V  comprisetheresultsof 
this  computation. 

THE   CORN   BXrERIMENTS. 

Table  VI  shows  the  digestion  coefficieut-j  and  the  balance  of  income 
and  outgo  of  the  nutrients  in  the  com  experiments.  One  additional 
trial  which  was  undertaken  could  not  be  completed  owing  to  an  attack 
of  diarrhea  on  the  third  day.  It  may  be  here  remarked  that  with  this 
single  exception  the  animals  maintained  a  normally  vigorous  condition 
throughout  the  experiments.  The  appetite  continued  good  and  the 
excrement  was  of  normal  odor  and  consistency. 


Or{/'iTi7C  7n(itte>: — Tlie  digestion  coefficient  for  oi^anic  matter  in  the 
corn  experiments  (Table  VI)  is  seen  to  be  lelatively  high  and  shows 
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but  little  fluctuation  in  the  difi'erent  tests.  These  flight  discrepancies 
may  be  assigned  to  a  variety  of  causes,  Huch  as  idiosyncrasy  of  the 
animal,  irregularity  of  food  ingestion  or  excretion  of  feces,  varying 
quantities  of  fecsl  metabolic  products,  etc.  Jordan  and  Hall,"  in  dis- 
cussing some  data  compiled  with  reference  to  thig  question,  write: 


In  Rome  iiisUncea  the  animal  whi(;h  gives  tlie  maximum  coefficient  with  one  food 
hIiows  the  minimum  coefficient  witli  another  food.  In  no  seriefl  of  experiments  with 
the  lumc  animals  du  the  coefficiente  as  a  whole  have  a  congiHtent  relation  with  refer- 
ence to  individuality.  It  ia  evident  that  either  the  animals  digeBte<l  their  fuod  more 
efficiently  at  one  time  than  at  amother  or  else  there  was  au  irfEgularity  of  excretion, 
or  both.  It  xeeius  reasonable  to  reganl  the  furmer  of  theue  factum  a^  the  more  influ- 
ential, especially  when  the  feces  are  collected  for  five  to  neven  days. 

C'radi;  i>roteid. — Crude  proteid  is  seen  to  possess  a  high  availability, 
the  averse  digestion  coefficient  falling  somewhat  below  that  for 
organic  matter.  The  digestion  coefficient  for  crude  proteid  presents 
greater  variations  in  the  different  experimental  than  is  seen  in  the  case 
of  organic  matter.  Such  a  result  might  be  anticipated  in  view  of  the 
larger  numl>cr  of  sources  of  error  connected  with  the  determination 
of  this  nutrient.  Thus  in  the  present  experiments  a  correction  for 
metabolic  nitrogen  has  not  been  introduced,  and  this  figure  may 
exhibit  relative  variation  in  different  experiments;  the  ready  tendency 
of  the  fresh  excrement  to  ferment  with  loss  of  nitrogen  is  another 
ftource  of  error.  Furthermore,  as  crude  proteid  in  the  present  experi- 
ments is  estimated  indirectly,  there  is  a  greater  tendency  to  error  than 
by  a  direct  determination,  for  relatively  slight  errors  in  the  estimation 
of  uric  acid  and  ammonia  may  l>c  increased  to  appreciable  quantities 
when  their  l:>earing  on  the  calculation  of  crude  proteid  is  considered. 

Ether  erh'd-ci. — The  utilization  of  the  fat  of  corn  presents  a  high 
value,  and,  with  the  exception  of  the  case  of  chicken  G,  the  data  of  the 
experiments  are  in  excellent  agreement.  The  experiment  with  chicken 
G  calls  for  special  mention,  as  the  animal  had  no  access  to  gravel.  The 
lower  proportion  of  the  fat  absorbed  may  be  due  to  this  fact,  but,  on 
the  other  hand,  the  assimilation  of  organic  matter,  crude  proteid,  and 
nitrogen-free  extract  is  not  significantly  lowered.  It  will  be  noted 
that  chickens  F  and  H,  as  recorded  in  Table  VII,  digested  the  ether 
extract  of  oats  only  slightly  less  efficiently  than  the  other  subjects, 
although  they  were  deprived  of  sand.  The  factor  of  individuality  may 
liave  a  l>eariiig  on  the  result  noted  in  the  case  of  chicken  G. 

It  appears  of  interest  in  this  coimection  to  refer  to  a  recent  com- 
munication of  St.  Weiser  and  Zaitsehek*'  on  the  composition  and 
formation  of  goose  fat.  These  observers  fed  very  large  quantities  of 
maize  and  millet  to  geese,  the  average  amount  of  corn  daily  ingested 
being  210  grams,  that  of  millet  317  grams.  They  concluded  that  the 
body  fat  formed  from  these  grains  is  of  practically  the  same  composi- 
tion.    The  fats  of  maize  and  nitllet,  though  quite  different  in  many 
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reni)ect«,  are  iiM-similtited  in  siieh  siimll  quantities  that  they  do  not 
appreciably  affect  the  lai^  amount  of  fat  formed  from  the  carhohy- 
di-atei)  of  the  grainw.  The  digestion  coefficient  for  the  fat  of  nmizc  aa 
computed  from  their  data  is  only  3i).13,  aa  contra-st^-d  with  the  corre- 
sponding average  figure  of  the  writer  for  hens  (see  Table  VI)  of  S5.32. 
The  differonco  may  l>e  referable  to  the  enormous  <|Uantities  of  the 
grain  fed  by  these  invcj^tigators,  for  it  seems  prolmble  that  the  geese 
were  unable  U>  digest  such  large  amount'<  of  fat  as  efficiently  as  smaller 
quantities.  It  should  also  be  l)orno  in  mind  that  thosedillerences  may 
also  be  inherent  in  the  different  spet-ies  of  bii-ds  compared.  These 
considerations  apply  as  well  in  the  case  of  millet.  St.  Weiscr  and 
Zaitschek  obtained  a  digestion  coefficient  of  4:3.78,  while  Kalngin  (see 
Table  IX)  on  feeding  moderate  rations  of  the  grain-  to  hens  ropoi-tod 
85.71. 

NitnHje>\rfr»!  ('j^(nw./.— The  data  for  the  digestion  coefficient  of 
nitrogen-free  extract  are  satisfactorily  concordant  throughout  the 
series,  and  tlie  availal>ility  is  very  high,  the  average  figure  l)eing  S!>.  25. 
The  most  imjiortant  constituents  of  the  nitrogen -free  extract  f  ivm  tlTe 
physiological  point  of  view  are  star<'h  and  pentosans,  and  it  was  pro- 
posed in  the  greater  numl>er  of  the  present  experiments  to  estimate 
the  digestibility  of  these  components. 

The  pi-esence  of  soluble  sugars  in  the  excrement  was  first  carefully 
looked  for  as  follows:  Samples  of  corn  excrement  of  3  grams  each 
were  extract<^d  on  a  hardened  filter  with  150  c.  c.  of_  II)  per  cent  alco- 
hol, a  total  quantity  of  30  grams  Ixiing  so  treated:  The  combined 
filtrates  wore  concentrated  over  the  steam  bath  to  a  volume  of  50  c.  c. 
and  the  residual  fluid  allowed  to  stand  a  day  in  the  cold.  Considerable 
material  sepamted  out  that  contained  nuich  uric  licid  or  urate.  This 
was  filtered  off  and  the  filtrate  treated  according'  to  the  customary 
procedure  for  the  phenj-Ihydrazine  test.  The  mixture  was  kept  in  the 
cold  for  .-jeveral  days  and  microscopically  examined  from  time  to  time. 
No  trace  of  osazone  could  l)e  detected. 

This  negative  result  was  confirmed  by  a  test  performed  in  a  slightly 
different  manner.  It  will  l>e  recalled  that  the  excrement  samples  were 
subjected  to  extraction  with  lx>iling  absolute  alcohol  as  a  preliminaiy 
step  in  the  determination  of  uric  acid.  Five  himdred  cubic  centimeters 
of  such  an  extract,  corresponding  to  ^(1  grams  of  excrement,  were 
distilled  until  I'educed  to  "5  c.  c.  This  i-esidual  fluid  was  further  con- 
centrated to  50  c,  c.  over  the  steam  tmth  and  the  phenyl  hydrazine  t«st 
applied.  No  evidence  of  osazone  was  obtained.  As  a  still  further 
corroboration  50  grams  of  corn  excrement  were  stirred  with  500  c.  c. 
of  water  for  three  horn's  and  then  filtered.  The  filtrate  wa.s  permitted 
to  evaporate  to  a  volume  of  hi)  e.  c. ,  and,  after  standing  in  the  cold,  was 
filtere<l  and  tested  for  osazone.  In  this  ease  also  no  separation  of 
osazone  could  be  detected.     These  negative  results  suggestivelj'  indi- 
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cate  that  the  excrement  contiiined  no  free  pentoses,  and  hence  lead  to 
the  pTOvisional  ooncUision  tlmt  the  pentoses  of  ingesteii  pentosan 
material  arc  not  eliminated  through  the  urine  or  intestine  in  unchanged 
form.  As  pointed  out  on  page  49,  pentose  sugars  have  been  demon- 
strated in  the  urine  of  certain  mammals. 

The  absence  of  Holuhle  sugars  in  the  excrciueut  has  licen  roport«d 
in  digestion  experiments  with  other  classes  of  faiin  animals.  Thus 
Bartlett  and  Merrill"  reported  that  tlie  sucrose  and  reducing  sugars 
in  fodders,  yuch  as  alsiko  clover,  white  clover,  blue  joint,  etc.,  were 
completely  digested,  Ladd*°  found  that  the  sucrose  and  glucose  were 
entirely  absorbed  in  alfalfa  liay,  wheat  bran,  corn  meal,  cottonseed 
meal,  liniieed  mea),  and  oatfi.  An  exa'ptional  result,  liowever,  was 
obtained  on  feeding  turnips  and  mixed  liay.  Here  tlie  glucose  was 
wholly  assimilated,  hut  the  sucrose  v/m  available  to  the  extent  of  but 
78.7  per  cent.  Fraps"  examined  twenty-three  samples  of  excrement 
from  rtheei>  to  which  crab  gniss,  hay,  peameal,  corn  hran,  green  rape, 
etc.,  Iiad  been  fed.  The  (conclusion  was  drawn  that  soluble  sugars 
were  entirely  assimilated. 

It  vftxn  deemed  advisable  to  examine  the- excrement  (jualitativcly  for 
starch  Iwfore  the  application  of  ({uantitative  methods.  Five  portions 
of  corn  excrement,  weighing  3  grams  each,  were  repeatedly  extracted 
with  absolute  alcohol  for  the  I'emoval  of  pigment,  t^ch  sample  was 
treated  with  hot  water  in  the  usual  manner  to  gelatinize  any  starch 
present,  and  the  aqueous  extract  was  filtered  off.  I'ortion.s  of  15  c.  c. 
each  of  the  tiltrate  were  carefully  tested  with  a  freshly  prepared  iodine 
solution.  Aft«r  the  addition  of  several  drops  of  the  reagent  a  faint 
pinkish  color  developed  although  somewhat  obscured  by  the  pi-esence 
of  pigment.  This  (juickly  disappeared  on  standing,  and  it  was  found 
necessary  to  apply  several  additional  drops  Irefore  the  color  would  per- 
sist for  any  length  of  time.  The  aqueous  extracts  apparently  contained 
material  other  than  starch  reactingwith  the  iodine.  The  tintof  the  color 
reaction  obtained  suggested  the  presence  of  a  ti-ace  of  erythrodextrin, 
and  as  erythtwlextrin  is  soluble  in  cold  water  it«  presence  should  be 
demonstrable  in  cold  aqueous  extracts  of  the  excrement.  No  reaction, 
however,  was  obtained.  The  residues  from  the  cold-water  extraction 
were  now  treated  with  boiling  water.  The  pigment  had  been  largely 
abstracted  by  the  cold  water,  and  a  distinct  but  faint  blue  coloration 
resulted.  The  misleading  pinkish  tinge  was  apparently  due  to  admix 
ture  with  pigment.  The  excrement  from  exclusive  meat  feeding  was 
subjected  to  the  above  tests,  but  with  no  indication  of  a  color  reaction. 
A  minute  amount  of  grain  excrement  was  ground  with  meat  excre- 
ment, and  the  hot  water  extract  of  this  material  yielded  a  slightly 
blue  color. 

Samples  from  each  experiment  were  microscopically  examined  for 
starch.     In  no  case  could  a  reaction  be  observed  with  certainty.     The 
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starch  content  mu»t  therefore  Im?  exceedingly  small.  The  only  direct 
determination  of  the  digoHtibility  of  starch  in  mammals  which  we  have 
found  on  record  was  carried  out  hy  H.  C.  Sherman,"  who  found  that 
the  starch  of  wheat  bran  vras  entirely  assimilated  by  a  steer.  Jordan 
states  that  he  lias  regularly  failed  to  detect  starch  in  the  excrement  of 
cattle  from  which  the  unbroken  grains  had  been  removed.  In  view 
of  the  mere  trace  of  starch -reacting  material  present  in  the  excrement, 
the  coefficient  of  digestibility  of  the  .«tarcb  alone  must  be  very  high — 
probably  not  far  from  1(H)  pf;r  cent. 

St  Weiaer  and  Zait^chek"  have  recently  rejwrted  a  study  of  the 
digestibility  of  the  carbohydratew  of  corn  and  millet  in  ducks  and 
geese.  These  observers  claim  that  the  mean  of  the  reducing  power 
of  arabinose  and  xylose  on  Fehling's  solution  practically  corresponds 
to  that  of  dextrose.  They  therefore  determine  the  pentose  present  in 
the  excrement  and  obtain  the  datum  for  starch  by  subtnu^ting  the 
pentose  figure  from  the  total  dextrose  present  in  the  hydrolized 
extract.  Phosphotungstic  acid  was  first  used  to  pi-ecipitate  reducing 
material  other  than  sugars  from  such  extracts.  Thoy  report,  how- 
ever, tliat  such  precipitation  was  unnecessary,  as  without  it»  use  the 
same  results  were  yielded.  The  method  is  open  to  a  criticism,  namely, 
that  no  mention  is  made  of  an  examination  of  these  extracts  for  uric 
acid  or  creatinin,  which,  if  present,  would  reduce  Fehling's  solution. 

The  digestion  coefficient  for  the  starch  of  miilet  was  found  to  be 
65.80  for  ducks  and  Ol.Hll  for  geese.  The  provisional  deduction  may 
be  drawn  that  geese  possess  a  greater  digestive  capacity  for  the  starch 
of  millet  than  ducks.  Kalugine  found  that  the  total  nitrogen-free 
extract  in  hens  was  assimilated  to  the  extent  of  OH.Sit  per  cent.  (See 
Table  IX.)  St.  Weiser  and  Zaitschek  obtained  a  digestion  coefficient 
of  95.02  for  the  starch  of  corn  in  gecso,  while  the  writer  found  that 
the  total  nitrogen-free  extract  of  this  grain  was  utilized  in  poultry  to 
the  extent  of  89.25  per  cent. 

We  have  not  as  yet  developed  a  satisfactory  procedure  for  the 
determination  of  starch  in  the  excrement,  but  plan  to  devote  some 
study  to  the  matter.  In  the  application  of  the  diastase  method,  uric 
acid  and  possibly  other  substances  are  brought  into  solution  which 
actively  reduce  Fehling's  solution. 

Pentmann. — Considerable  variation  in  the  different  experiments  is 
manifest  in  the  digestion  coefficient  for  this  nutrient.  Such  a  tendency 
is  not  surprising  in  view  of  the  close  association  of  a  part  of  the 
pentosan  with  the  crude  fiber  and  the  varying  values  of  the  digestion 
coefficients  for  the  latter  nutrient.  In  two  of  the  three  experiments 
recorded  in  Table  VI  with  regard  to  this  matter,  the  pentosan  material 
is  seen  to  possess  considerable  digestibility,  but  the  availability  is  very 
appreciably  less  than  has  been  claimed  for  other  classes  of  farm  ani- 
mals.    It  is  possible  that  in  fowls  the  ingestion  of  pentose  sugars  may 
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lead  to  the  excretion  of  the  same  through  the  kidneys  Id  unaltered 
form.  Ebstciti '  observed  that  when  xylose  was  fed  to  rabbits  it  ap- 
peared in  unehangcd  form  in  the  urine.  Salkowski'  and  Crenier* 
found  that  when  ambinose  and  xylose  were  fed  to  rsbbitu  or  men, 
about  onc-tifth  appeared  hi  the  urine  in  the  same  form  as  ingested. 
The  muscles  contained  arahinose,  and  glycogen  formation  was  pro- 
moted in  the  liver.  Salkowski  reported  that  the  administration  of 
arabinosc  to  fowls  notably  increajied  the  hepatic  glycogen  content  and 
a  portion  of  the  pentose  sugar  was  found  in  the  excrement.  How  far 
this  quantity  represented  material  alworbed  and  eliminated  by  the 
kidneys  could  only  be  determined  under  condition.^  of  a  separation  of 
the  excretory  channels  of  urine  and  feces, 

St.  Weiser  and  Zaitischek"  studied  the  availability  of  the  pentosans 
of  millet  in  ducks  and  geese,  and  of  maize  in  geese.  The  a^'e^age 
digestion  coefficient  for  millet  was  21.70  for  the  duck  and  24. 10  for  the 
goose.  The  assimilation  of  starch,  on  the  other  liand,  was  over  25 
per  cent  greater  in  the  case  of  the  goose.  The  pentosan  of  corn  was 
utilized  to  the  extent  of  24.2(1  per  cent  by  the  goose. 

As  indicated  on  page  47,  the  pentosans  of  the  grain  fed  in  the  pres- 
ent experiments  apparently  did  not  give  rise  to  the  excretion  of  free 
pentoses.  An  experiment  of  interest  in  this  connection  was  performed 
by  Cross,  Bevan,  and  Remington."  The  pentosans  of  a  weighed 
quantity  of  brewers'  gi-ains  were  subjected  to  hydrolysis  with  a  dilute 
mineral  acid.  The  acid  fluid  containing  the  free  pentoses  was  neu- 
tralized, evaporated  to  small  volume,  and  admin i-stercd  to  a  rabbit  in 
conjunction  with  carrots,  gelatin,  etc.  The  animals  utilized  from  U4.5 
per  cent  to  98.4  per  cent  of  the  material,  and  no  pentose  or  other 
furfural-j'iclding  products  were  detected  in  the  urine. 

Crudi'  Ji^nT. — The  digestion  coefficients  for  crude  tilnsr  show  con- 
siderable variation,  which  may  be  explicable  on  several  grounds.  The 
work  of  certain  observers  has  shown  that  the  crude-fiber  residue  will 
yield  an  appreciable  quantity  of  pentosans  wlien  subjected  to  the 
operation  for  pentosan  determination,  and  this  fact  alone  demon- 
strates a  lack  of  accuracy  in  the  method.  Furtliennore,  it  should 
be  emphasized  tliat  little  or  nothing  is  definitely  known  regarding 
the  chemical  changes  undergone  by  cellulose  in  the  alimentary  canal. 
It  is  not  known  witli  certainty  whether  the  data  yielded  t»y  analytical 
methods  actually  represent  the  total  quantity  of  unahsor)>ed  tifwr.  for  ' 
a  fraction  of  the  cellulose  may  be  transformed  into  soluble  products 
which,  parsing  unabsorlwd  into  the  feces,  would  in\-olve  a  plus  error 
in  the  quantity  of  the  nitrogen-free  extract. 

In  addition  to  tiic  deficiency  of  analytical  method,  idiosyncrasy  may 
liave  a  bearing  on  the  variations  of  the  present  experiments.     Fluctua- 
tions in  the  quantity  of  grinding  material  of  the  crop  might  ho  suf»- 
2068(K->'o.  56— W 4 
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posed  to  exert  an  influence  in  this eoanevt ion,  but  thedataof  Table  VI 
do  not  bring  out  any  orderly  variations  in  this  respect.  Chicken  G, 
however,  assimilated  but  a  minimal  amount  when  entirely  deprived  of 
sand.  An  examination  of  Wolff's"  compilation  of  digestion  coeffi- 
cients shows  that  other  clashes  of  animals  show  wide  fluctuations  in 
the  digestion  coefficientM  for  crude  fiber,  and  in  the  majority  of  cases 
these  variations  are  much  greater  than  are  observed  in  the  data  for 
the  other  nutrients. 

It  is  of  interest  to  note  that  St.  Weiser  and  Zaitachek"*  find  tliat  the 
crudotiberof  millet  is  unassimilatcd  by  ducks  and  geese,  and  the  same 
result  was  yielded  in  tlic  case  of  geese  with  corn. 

THE  OATS  KXPEKIME^'TS. 

The  data  obtaint-d  from  these  experiments  are  shown  in  Table  VII. 
It  will  Ih!  noted  from  the  genei'al  outline  of  these  tests  comprised  In 
Table  I  that  two  digestion  trials,  with  oats,  were  made  with  chick- 
ens A  and  C.  The  tests  with  oats  presented  somewhat  more  difficulty 
in  the  matttir  of  obtuining  satisfactory  experimental  conditions  than 
the  corn  cxporiiuenbi.  Two  additional  experiments  were  gotten  under 
way  with  other  animals  than  those  designated,  but  owing  to  the  pro- 
diK^tion  of  a  mild  diarihea  thej-  were  discarded. 

The  daily  statistics  of  food  txmsumption,  weight  of  excrement,  watci- 
intake,  and  body  weight  are  recorded  in  Table  II.  The  daily  inges- 
tion of  oats  is  considerably  less  than  that  of  corn,  and  the  monotony 
of  the  single  diet  is  more  distasteful  to  the  fowls  in  the  case  of 
the  fonner  grain.  The  daily  grain  consumption  docs  not  present 
any  striking  variation  with  the  single  exception  of  chicken  A".  The 
oats  were  given  ad  libitum,  except  in  the  case  of  chickens  B'  and  E, 
when  the  amount  was  limited  to  what  the  animals  would  in  all  proba- 
bility have  eaten  entire.  While  the  dail^'  excrement  does  not  present 
a  (constant  correspondence  to  the  weight  of  the  daily  food,  the  trend  of 
variation  of  the  former  tends  to  follow  that  of  the  latter. 

Owing  to  the  higher  percentage  of  crude  fiber  in  oats  this  diet  calls 
for  a  greater  consumption  of  sand  than  is  demanded  during  corn  feed- 
ing; hence  the  excrement  contains  a  far  greater  percentt^e  of  ash  and 
fiber  as  compared  with  that  from  corn.  A  representative  sampling 
for  analysis  was  rendered  more  difficult  than  was  experienced  with  the 
excrement  tvom  corn  feeding.  Great  labor  was  necessitated  in  grind- 
ing the  samples  to  the  requisite  degree  of  subdivision,  and  the  neces- 
sary precautions  were  obser^'cd  against  loss  of  tnatci'ial  during  this 
process.  In  six  of  the  eight  experiments  gravel  was  offered  ad  libitum. 
Chickens  F  and  H  weie  deprived  of  this  material  for  several  weeks 
prior  to  and  during  the  digestion  period.  In  the  test  with  chicken  C* 
marble  was  mixed  with  the  gravel. 
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Organic  iihatter.—Tha  degree  of  agreement  of  the  digestion  coef- 
ficieiitfl  for  this  nutrient  in  the  different  experiments  appeara  good  in 
view  of  the  possible  unavoidable  sources  of  en-or  noted  under  the  dis- 
cuawion  of  the  corn  trials.  The  minima  and  maxima,  respectively,  are 
seen  to  be  60.28  and  (J7.60  per  cent.  Tiic  assimilation  is  conspicuously 
lower'than  is  shown  liy  the  corresponding  figures  ol  the  corn  experi- 
ments, the  average  difference  being  31,87  per  cent  in  favor  of  the 
corn.  This  matter  is  brought  out  more  sharply  on  the  graphic  chart 
at  the  end  of  this  ])iilletin. 

Crud^  protoid.—Kn  was  noted  under  the  corn  experiments,  the 
i-ange  of  variation  for  the  digestion  coefficient  of  tiiis  nutrient  is 
gi-eater  than  is  observed  in  the  caj^e  of  organic  matter.  The  range  of 
variability  extends  from  70.80  to  80.53  per  cent  in  the  Gxi)erimouts 
with  the  suliject.s  wliich  received  gravel.  The  digestion  coefficient  in 
the  case  of  chicken  F,  which  had  no  access  to  sand,  is  quite  a  little 
lower.  On  the  other  hand,  tlie  datum  for  chicken  H  is  but  slightly 
less  than  tlie  average  of  tlie  subjctits  receiving  grinding  material. 
The  mctm  value  of  all  the  digestion  coefficients  is  al>out  10  per  cent 
less  than  that  of  corn,  a  difference  of  considerable  economic  signifi- 
cance, which  will  bo  referred  to  in  another  section  of  this  paper. 

It  may  bo  mentioned  at  this  point  that  the  error  Incurred  in  over- 
looking the  metalwlic  nitrogen  is  relatively  less  than  in  the  corn 
experiments,  ns  obviously  follows  from  the  fact  of  tlio  greater  relative 
percentage  of  <'nido  proteid  in  oats.  We  are  also  aware  that  the 
character  and  amount  of  the  metabolic  nitrogen  may  vary  with  the 
various  grains  fed,  and  closely  associated  with  this  matter  is  the  ques- 
tion of  the  quantity  and  nature  of  the  nonproteid  nitrogen  of  the  food. 

To  what  causes  may  the  lower  avaihibiUty  of  the  crude  proteid  of 
the  oats  be  assigned?  The  proportionately  greater  quantity  of  crude 
filler  present,  as  comimit^d  with  corn,  may  exert  a  protective  influence 
on  the  crude  proteid,  thus  tending  to  shield  a  jwrtion  from  the  full 
action  of  the  gastric  and  pancreatic  enzymes.  The  inferior  palata- 
bility  of  the  oats  and  the  smaller  .consumption,  as  compared  with 
corn,  are  also  possible  factors.  On  the  other  liand,  the  crude  proteid 
of  oats  ma^'  possess  an  inherently  lower  digestibilitj',  aside  from  other 
influences.  This  possibility  gains  additional  weight  in  view  of  the 
observation  that  the  individual  grains  of  oats  i-egularly  appear  in  the 
excrement  thoi-oughly  disintegrated.  The  excrement  of  chickens  F 
and  H,  which  received  no  sand,  did  not  apparently  differ  in  appear- 
ance in  this  respect  from  that  of  the  other  subject's  which  had  received 
a  full  quota  witb  the  food. 

Ether  I'o'travt. — The  series  of  digestion  coefficients  for  this  constitu- 
ent exhibit  a  little  greater  variation  than  was  observed  in  the  com 
experiments;  the  highest  and  lowest  values  being,  respectively,  85.44 
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and  77.19  per  cent.  The  mean  avHilabilit}'  is  slightly  loss— about  3 
per  cent- — than  the  average  for  corn,  but  the  diffci-cncc  is  hardly  of 
sufficient  Bize  to  carry  economic  weight.  It  in  important,  however,  to 
consider  that  despite  this  slight  discrepancy,  the  oats  grain  contains  an 
appreciably  smaller  content  of  ether  extract  as  compared  with  corn. 
\Vitb  regard  to  the  crude  proteid,  however,  the  reverse  relation  holds 
true;  while  the  percentage  of  crude  proteid  is  greater  in  oati,  there  i,** 
a  pronounced  difference  in  favor  of  the  availability  of  this  ingredient 
in  corn. 

The  residues  from  the  ether  extracts  of  the  excrement  from  both  com 
and  oats  were  examined  for  the  presence  of  cholesterin-like  material 
by  a  method  desciibed  on  page  86.  Crystalline  material  was  obtained 
readily  responding  to  the  Salkowski  reaction  with  sulphuric  acid  and 
chloroform.  The  writer  is  not  aware  that  either  the  excrement  or 
the  bile  of  birds  has  ever  been  examined  for  the  presence  of  oholcsterin. 
An  both  com  and  oatn  contain  phytosteiin,  it  seems  probable  tliat  the 
material  here  isolated  may  partly  owe  its  origin  to  the  cholesterin- 
rcacting  substance  of  the  food  as  well  as  of  the  bile.  Regarding  the 
exact  form  of  the  cholesterin  of  the  excrement,  nothing  can  be  said 
here,  as  the  reduction  processes  of  the  intestine  vary  in  different  ani- 
mals both  as  to  character  and  extent.  Thus  the  liorse  excretes  a  modi- 
fication of  cholesterin  known  as  hippokoprosterin;"  in  the  feces  of 
the  dog  it  IS  eliminated  unchanged;  while  in  the  intestine  of  man 
koprosterin  is  the  distinctive  term  for  the  altered  cholesterin  found. 
Thus  it  appears  plausible  that  the  bird  may  excrete  a  ]>eculiar  modifi- 
cation of  this  body.  In  view  of  the  relative  shortness  of  the  intestine 
and  the  rapid  digestion  in  birds,  it  seems  likely  that  less  bacterial 
action  would  come  into  play  and  hence  less  modification  of  cholesterin 
material  in  the  alimentary  canal  as  compared  with  the  animals  above 
referred  to. 

j)riirogen-yree  extract.— ^he  digestion  coefficients  for  this  constituent 
are  much  inferior  in  value  to  those  of  corn,  as  would  be  inferred  from 
a  comparison  of  the  data  for  organic  matter.  The  limits  of  variation 
for  all  the  experiments  with  oats  are  65.19  and  74.99  per  cent, 
The  mean  value  for  the  digestion  coefficient  of  corn  is  18.48  per  cent 
higher  than  the  corresponding  figure  for  oats.  The  larger  pen^intage 
of  crude  fiber  in  the  oats  may  be  in  part  responsible  for  this  difference. 
If  this  is  the  case  the  crude  fiber  would  appear  to  depress  the  avail- 
ability of  the  nonstarch  components  of  the  nitrogen-free  extract  as  the 
assimilation  of  starch  seems  to  be  nearly  complete.  Repeated  qualita- 
tive tests  were  applied  to  all  the  samples  of  excrement  as  described  under 
analogous  experiments  with  corn,  and  a  slight  positive  reaction  could 
be  demonstrated,  except  in  case  of  chicken  11.  There  seemed  to  be 
mere  traces  present  in  accordance  with  the  results  of  the  com  experi- 
ments. The  absence  of  soluble  sugars  in  the  corn  excrement  was  also 
found  to  hold  true  for  the  samples  from  the  oats  experiments. 
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Peniomns. — There  is  a  lack  of  uniformity  in  the  digeetion  coefiScients 
for  this  nutrient  throughout  the  serieis.  This  finding  is  not  surprising 
wheii  the  wide  variations  in  crude  tiber  assimilation  arc  given  due 
regard.  As  is  indicated  on  page  48,  a  tendency  to  a  correspondence 
between  the  digestion  coefficients  of  these  nutrients  would  not  seem 
inconsistent.  Aside  from  the  second  experiment  with  chicken  A,  the 
general  trend  of  the  data  point  in  this  direction.  The  availability  of 
the  pentosans  of  oats  in  poultry,  on  the  basis  of  our  experiments, 
appears  to  be  much  lower  than  has  been  observed  by  Fraps"  in 
digestion  trials  with  sheep  on  this  grain. 

Crude JihiT. — Tlia  proportion  of  crude  fiber  utilized  is  seen  to  show 
considerable  fluctuation,  varying  in  the  experiments  where  the  sub- 
jects were  given  accea-j  to  sand  from  4.25  to  10.64  per  cent.  The  gen- 
eral tenor  of  the  data  indicates  a  lower  absorption  than-  that  noted  in 
the  tests  with  corn,  but  owing  to  the  greater  quantity  of  the  constitu- 
ent consumed  in  oats,  the  absolute  amount  assimilated  exceeds  that  of 
corn.  Broadly  speaking,  the  crude  fiber  of  oats  seems  to  be  of  insig- 
nificant food  value  and  more  particularly  when  considered  in  connec- 
tion with  the  digestion  coefficient  of  tiiis  nutrient  in  other  classes  of 
animals. 

Having  already  briefly  considered  some  of  the  possible  causes  to 
which  disc^rcpancics  in  the  different  experiments  relative  to  crude-fiber 
absorption  could  bo  attributed,  the  writer  would  add  here  the  sug- 
gestion that  variations  in  the  retention  of  fibrous  material  in  the  ali- 
mentary canal  may  be  a  factor  in  this  connection.  At  any  rate  it  seems 
plausible  to  suppose  that  the  physical  nature  of  such  material  would 
render  it  more  liable  to  irregularity  of  excretion  than  in  the  case  of  the 
other  nutrientM. 

As  observed  in  the  corn  series,  the  consumption  of  sand  and  assimj 
lation  of  crude  lilwr  seoiu  to  show  no  orderly  variations.  (Jhickens 
F  and  H  apparently  utilized  crude  fiber  as  efficiently  as  the  other  ani- 
mals, despite  the  fact  that  they  had  not  consumed  sand  for  three  weeks. 
Such  observations  tend  to  su|;iport  the  contention  that  fluctuations  in 
the  value  of  the  digestion  coefficients  are  not,  essentially  at  least,  asso- 
ciated with  variations  in  the  sand  ingestion. 

THE    WIIKAT   EXPERiMENTS. 

Although  six  digestion  experiments  were  undertaken  with  wheat 
but  one  of  the  series  was  completed.  This  difficult}'  was  due  to  the 
digestive  disturl>ances  engendei-cd  by  the  exclusive  use  of  this  gi-ain. 
After  varying  periixls  of  a  few  days,  the  animals  exhibited  a  marked 
loss  of  appetite,  with  general  synij)tom.'<  of  bodily  depression,  and  the 
feces  emitted  a  markedly  abnormal  odor.  Diarrhea  was  early  mani- 
fested. On  changing  the  diet  to  corn  or  oat«  the  appetite  was  rapidly 
regained,  and  general  normal  conditions  were  soon  restored.  The 
following  is  descriptive  of  a  typical  experiment:  An  active,  \igoroiis 
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hen  was  fed  50  grams  of  corn  daily  for  a  \>eriod  of  two  weeks,  the 
appetite  remaining  keen  during  this  time  and  the  daily  oonHumption 
uniform.  The  dailj'  ration  was  now  (.'hanged  to  the  f^ame  quantity  of 
wheat.  The  note-book  record  shows  that  the  conr<mtiption  for  the  first 
day  was  40  grams,  that  of  the  setrond  35,  of  tlie  third  29,  and  of  the 
fourth  2'2,  on  which  date  the  feco.s  appeared  of  abnormally  soft  con- 
sistency and  a  marked  putrefactive  odor  wa.s  manifest.  On  reverting 
to  the  corn  ration  these  unfavorable  symptoms  disappeared  within 
forty -eight  hours. 

Our  experience  has  been  paralleled  by  Dr.  Thomas  Clarke,  who 
carried  out  five  wheat-feeding  tests  with  fowls,  only  one  of  which  was 
completed  under  normal  conditions. 

In  Table  II  arc  included  the  daily  .'statistical  data  of  the  single 
exijerimont  which  was  completed  with  chicken  A,  The  suggestion 
may  l>e  oflfei-ed  that  thisanin:ai  may  have  resisted  the  untowanl  effectw 
of  the  diet  by  virtue  of  idiosyncnusy.  The  writer  wouUl  also  empha- 
size the  point  that  he  fully  realizes  the  limited  value  of  results  Itai^ed 
on  hut  one  digestion  test,  and  therefore  offens  the  data  with  a  greater 
re^ierve  than  in  the  other  experiments. 


The  daily  eon.sumption  of  food  in  this  ex]>eriment  was  maintained  at 
practically  a  uniform  level,  and  there  is  a  roufrh  corresiwndcncc 
between  the  slight  irregularities  of  food  ingestion  and  the  output  of 
excrement.  The  assimilation  of  organic  matter  is  hut  slightly  ie.ss 
than  the  utilization  of  thitj  nutrient  in  corn.  The  digestion  ooefficient 
of  crude  proteid  is  intermediate  in  value  between  that  of  corn  and 
oats,  but  is  nearer  tlic  latter. 

The  most  conspicuous  featiire  of  these  results  is  the  low  digestion 
coefficient  for  the  ether  exti'aet.  This  observation  is  doubly  significant 
when  associated  with  the  inferior  proi>ortion  of  cthei-  extract  in  wheat. 
If  further  experiments  confirm  this  indication,  the  result  will  a.ssume 
a  most  important  bearing  on  the  use  of  this  grain  in  poultrj'  dietaries. 
The  injury  to  the  fowl  following  the  exclusive  u.'^e  of  wheat  may  be 
due  to  the  poorness  of  the  graiti  in  fat  an<l  the  low  availability  of  this 
nutrient.  It  niaj-  be  of  inteiext  to  mention  tliat  (ji"ost  observed  in 
hens  a  very  low  assimilation  of  the  ether  extiuct  of  rye,  a  grai.i  which 
somewhat  resembles  wlieat  in  its  low  percentage  of  ether  extract.  No 
reference,  however,  is  made  to  any  interieronce  with  the  digestive 
processes.  I'flfiger*",  has  published  an  otiservation  which  should 
be  mentionetl  in  this  connection.  Hef<mnd  that  the  exclusive  feeding 
of  horse  meat  led  to  a  marked  dtairhea  in  dogs,  and  .suggests  that  this 
result  may  l)e  partly  assignable  to  the  deficiency  of  the  tissue  in  fat. 

The  nitrogen-free  extiiwt  of  wheat  in  this  experiment  Isdigested  in 
a  proportion  only  slightly  Icsft  than  that  determined  for  corn.     Quali- 
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tative  teste,  carefully  repeated,  failed  to  demonstrate  the  presence  of 
soluble  sugars  in  the  excreaient  of  this  animal;  starcli  was  nob  searched 
for. 

The  data  for  crude  fiber  are  not  recorded  in  the  table  owing  to  the 
fact  that  the  content  of  this  substance  in  the  excrement  slightly  ex- 
ceeded that  of  the  food.  The  fii-st  estimation  of  crude  fiber  was  made 
in  duplicate  in  both  the  food  and  the  feces.  The  re^ult^  so  obtained 
were  confirmed  by  a  further  duplicate  determination.  Irregularity 
in  excretion  maj'  be  concerned  with  this  discrepancy,  and  it  ia  pos- 
sible that  crude  fiber  retained  from  the  preliminarj'  period  is  elim- 
inated with  that  fraction  belonging  to  the  wheat  of  the  collection 
period.  While  the  time  of  the  pi-esent  experiment  wonld  seem  to  be 
sufficient  to  acquire  definite  data  on  the  point  just  referred  to,  it  is 
necessary  to  considerably  prolong  the  period  to  place  the  matter  beyond 
doubt. 

THE   MEAT  EXPERrMENTS. 

The  data  on  the  composition  of  the  meat  employed  in  the  two 
experiments  with  this  diet  ai-o  presented  in  Table  III.  Tables  IV  and 
V  exhibit  the  composition  of  the  excrement,  }<^h  expeiiment  was 
preceded  by  a  preliminary  period  of  five  dayn,  during  which  time  the 
same  daily  quantity  of  meat  was  given  as  in  the  digestion  period. 
The  chickens  had  received  a  sole  meat  diet  since  the  date  of  purchase, 
three  weeks  prior  to  the  Ijeginning  of  the  preliminary  period.  Dur- 
ing the  entii'e  time  no  digestive  derangement  resulted,  nor  were  any 
of  the  symptoms  present  described  by  Kionka  (see  p.  23)  as  ensu- 
ing from  excessive  meat  feeding.  The  daily  ration  was  immediately 
and  readily  consumed  throughout  the  preliminary  and  digestion 
periods.  The  monotony  of  the  diet  did  not  markedly  interfere  with 
the  palatability,  as  v>a»  seen  in  the  grain  tests,  )mt  the  small  quantity 
of  material  offered  may  be  concerned  with  this  difference.  Although 
the  subjects  suffered  a  very  gradual  but  progressive  loss  of  weight, 
greater  lx>dily  activity  and  vigor  was  maintained  than  in  the  digestion 
experiments  with  the  grains. 

DIOKSriON   CXJEPPICIENTS. 

In  view  of  the  fact  that  only  two  meat  experimente  were  performed, 
it  is  realized  that  even  greater  reserve  should  be  exercised  in  a  con- 
sideration of  results  than  in  the  grain  experiments.  The  balance  of 
income  and  outgo  with  the  digestion  coefficients  is  presented  in  Table 
VII.  The  agreement  between  the  two  exjwriments  is  seen  to  be 
quite  satisfactory'  in  the  case  of  all  three  nutrients  considered — that 
is,  oi^nip  matter,  crude  pi"otei<l,  and  ether  extract.  Nitrogen-free 
extract  is  disregarded,  owing  to  the  mi  ninial  quantity  of  carl>ohydrate 
material  in  meat.  A  closer  agreement  between  tlie  digestive  coeffi- 
cients for  the  nutrients  of  meat  would  be  looked  for  than   in  the 
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of  grain  in  view  of  certain  analytical  considerations.  Tbo  estima 
tion  of  tliG  (-rud(!  proteid  of  tiioat  3'ield.s  more  accurate  data  than  is 
the  casu  with  corn  or  oat,s.  Thia  follows  from  the  high  content  of 
prot*>id  matter  in  the  dry  meat  and  the  eorrwtiona  introduced  for 
peptone,  alhumose,  and  meat-Imi^e  nitroffen.  The  meat  excrenicr.tpod- 
sesses  a  higher  content  of  crude  proteid  than  the  material  from  grain 
feeding,  and  this  difference  renders  the  error  of  indirect  determina- 
tion of  this  constituent  projMrtionatclj'  less.  The  strikingly  high 
quantity  of  uric  acid  in  the  meat  excrement  would  a  priori  insure  a 
Kmailer  error  of  analysis,  and  this  same  consideration  applies  to  the 
ammonia. 

A  cursory  glance  at  the  comparative  analytical  data  on  the  compo- 
sition of  both  the  food  and  resulting  excrement  brings  out  sharply  the 
more  heterogeneous  chanu^ter  in  ttie  case  of  the  grains.  The  absence 
of  carbohydrate  and  crude  fiber,  at  least  in  appreciable  quantities, 
from  meat  indicates  that  sampling  for  anRhsis  would  be  the  more 
satisfactory  with  the  food  an<l  excrement  in  the  meat  experiments. 
This  would  also  incline  us  to  the  view  that  the  digestion  coefficients  for 
organic  matter  in  different  experiments^  would  result  in  closer  agree- 
ment. It  should  also  I>e  l>ornc  in  mind  that  a  correction  for  '^  residual 
nonproteid  nitrogen"  was  taken  account  of  in  calculating  the  percent- 
age of  the  meat  excrement  proteid.  This  nitrogen  represents  at  least 
a  part  of  tliat  not  in  the  form  of  crude  proteid,  uric  acid,  or  ammonia. 
It  was  estimated  as  follows:  Thi-ec  grams  of  excrement  were  weighed 
out  and  heated  with  SiKJ  c.  c.  of  water  over  the  steam  l)ath  for  thirty 
minutes,  the  loss  by  evnpomtion  l>eing  replaced  from  time  to  time. 
The  water  was  now  alloweil  to  boil  for  a  few  minutes,  when  liltration 
was  airried  out.  The  liltnito  wuh  made  up  to  500  c.  c.  in  a  properly 
graduated  flask.  Total  nitrogen,  ammonia,  and  uric  acid  were  esti- 
mated in  aliquot  portions.  A  large  nundx'r  of  testw  demonstrated 
that  no  proteid  matter  was  removed  by  these  hot-water  extracts.  The 
nitrogen,  exclusive  of  uric  acid  and  ammonia,  was  calculated  from  the 
data  obtained,  and  the  correction  applied  in  the  calculation  of  ei-ude 
pixjteid.  The  writer  lias  not  overlooked  the  consideration  that  there 
may  be  "  residual  nonproteid  nitrogen"  in  the  excrement  undissolved 
by  hot  water. 

It  moy  be  of  value  to  contrast  the  avei-age  digestion  cocfficienta  of 
the  meat  nutrients  with  the  cori-esiionding  figures  obtained  in  the 
grain  tests.  The  assimilation  of  organic  matter  and  ether  extract  does 
not  depart  iioticeal)ly  from  the  values  obtained  for  corn,  Cnide  pro- 
teid is  utilized  to  a  gi'eater  extent  than  was  found  in  the  case  of  com. 
This  high  value  for  crude  proteid  is  particularly  signiticunt  as  associated 
with  the  strikingly  high  proportion  of  i)roteid  material  in  meat.  It 
would  be  of  interest  to  determine  the  coefficient  for  crude  proteid 
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after  tbe  iDgestion  of  larger  quantities  of  this  article  of  diet.  It 
appears  not  JDiprobable  ttmt  with  extremely  large  (juaiititieu  the  eoef- 
iicient  would  be  lowered,  especially  if  the  amount  consumed  cvertaxed 
the  digestive  capacity  of  the  animal. 

The  proiwrtionato  <{uaiitity  of  ether  extract  in  the  meat  consumed  is 
less  than  that  included  in  the  graina  fed.  The  value  of  the  digestion 
coefficient,  however,  does  not  indicate  any  cs.sential  difl'erencc  in  the 
digestive  capacity  of  the  chicken  for  animal  and  vegetable  fat.  Tt  is 
planned  at  a  future  date  to  undertake  digestion  studios  with  l>eef  when 
the  material  is  consumed  with  a  balanced  diet  of  a  predetermined 
digestibility.  In  this  way  it  may  be  determined  whether  the  digestion 
coefficients  of  the  meat  fed  as  a  sole  diet  differ  from  those  when  it  is 
combined  with  other  food  materials. 

In  the  above  considerations  of  the  digestion  coefficients  of  the  writer's 
experiments,  it  should  t>e  borne  in  mind  that  the  digestibility  of  the 
nutrients  may  show  some  variation  under  conditions  differing  from 
those  here  imposed.  Thus  unrestrained  exercise  in  the  open  air  would 
tend  to  raise  the  general  Inxly  metal)olism,  and  hence  increase  tlie 
digestion  coefficients  over  the  value  secured  under  conditions  of  experi- 
mental confinement.  The  possibility  must  also  tw  considered  that  the 
availability  of  tlie  grains  maj'  undergo  some  modification  when  fed  as 
part  of  a  mixed  ration  rather  than  when  consumed  as  a  sole  article  of 
diet.  The  pi-oportlon  of  fibrous  material  in  the  ration  nmst  be 
considered.  The  lelative  palatability  may  also  show suinc  cliatif^c  when 
the  grain  in  question  is  offered  us  a  component  of  a  mixed  ration.  Thus 
the  proportionate  <-onsumptton  of  oats  to  corn  may  increase  when  the 
two  grains  are  fed  togetlier.  In  the  open  air  and  with  access  to  a  wide 
range,  the  appi'tite  of  the  animals,  even  for  the  single  grains,  would 
tend  to  increase,  and  the  augmente<l  consumption  would  in  all  prob- 
ability lead  to  incn'asetl  weight  as  compared  with  the  same  under 
experimental  conditions  such  as  those  <lescril>ed  in  the  present  jMipcr. 

THE    MKTAI«»1,I(1   NITROOEN    OF   THR    EXCREMENT. 

In  Table  VIII  the  few  data  obtained  for  nonproteid  niti-ogcn  of  the 
excrement  removed  with  various  solvents  are  tabulated.  The  deter- 
minations ol>tained  with  the  extracts  of  !t5  jwr  cent  alcohol  were  foimd 
to  l>e  misleading,  as  slight  traces  of  uric  acid  were  demonstruli-d  in 
the  residues  fmm  such  extnwts.  These  extnicts  also  contained  an 
organic  amorphon.s  nitrogenous  substance  which  is  further  dcscrHwd 
on  page  87,  and  may  consist  of  alcohol-soluble  pixiteid.  It  can  not  be 
said  at  present  whether  this  is  a  metabolic  pro<lHct  or  dcrivc<l  from 
the  gmin.  The  term  "fecal  nitrogen"  as  employed  in  the  table 
includes  not  only  the  nitrogen  of  the  feces,  but  a<lditionally  the  urinary 
nitrogen,  cschisivc  of  uric  acid  and  ammonia.  Tahlc  VIII  shows  that 
the  "fecal  nitrogen"  of  the  excrement  samples  from  chickens  B  and 
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C  in  the  corn  experiments  contained  TO.S.'f  per  cent  and  5Q,fiS  per 
cent,  reapectively,  of  nitrogen  abstracted  by  95  per  cent  alcohol.  The 
sample  from  the,  .second  oats  experiment  with  chicken  A  comprised 
46.3ti  per  cent  metabolic  nitrogen. 

The  importance  of  apparently  insignificant  amounts  of  metabolic 
nitrogen  should  be  fully  recognized  in  experiments  with  poultry-,  in 
which  animaU  the  absolute  quantity  of  nitro^n  daily  excreted  is  so 
small.  Thus  the  excrement  of  the  corn  experiments  with  chicken  B 
yielded  only  0,12  per  cent  of  etbcr-soluble  nitrc^n,  but  a  correction 
for  the  same  i-aises  the  digestion  coefficient  for  crude  proteid  from  86.63 
per  cent  to  87.!l8  per  cent.  In  the  oats  experiment  with  chicken  B  the 
ether-soluble  metabolic  nitrogen  was  0.13  per  cent  and  the  correspond- 
ing correction  elevates  the  digestion  coefficient  from  79.39  to  80.11  per 
cent.  In  the  second  oats  experiment  with  chicken  A  a  correction  for 
0.10  per  cent  raises  the  digestion  coefficient  2.72  per  cent  The  cor- 
i-ection  for  acetic-ether  nitrogen  in  the  caw  of  tlie  last-named  experi- 
ment and  of  chicken  B'  is  seen  to  I>e  rather  greater  than  in  the  corre- 
sponding ether  extracts. 

The  nitrogen  removed  by  absolute  alcohol  was  determined  in  the 
case  of  two  exi>eriments.  These  results  areof  doubtful  value,  owing  to 
the  probable  solution  of  the  organic  amorphous  nitrogenous  material, 
which  may  Iw  prot<iid  in  nature,  and  wliich  was  noted  In  the  residue  from 
the  95  per  cent  alcoholic  oxtiwts.  It  apjwared  to  )»e  removed  to  a  .slight 
extent.  When  the  crudeproteid  calculations  for  the  experiments  with 
chickens  K  and  F  were  checked  for  this  nitrogen  value  the  percentage  of 
absorption  in  the  fonnerca.se  was  altered  from  72.66  to  77,17  percent, 
and  in  tlie  latter  from  67.7.^>  to  74.07  per  cent. 

As  to  the  form  oi'  forms  of  the  nietal>olic  nitrogen  extracted  by 
ether  or  acetic  ether,  little  may  l>e  said  here.  Hile  pigments,  lecithin, 
and  certain  deconipositi(m  pi-oducts  of  the  bile  salt«  may  l)e  dissolved 
by  ether.  Little  is  known  relative  to  the  com[>OHition  of  btle  or  the 
modlHcations  undergone  by  the  constituents  in  the  intestines  of  the 
fowl.  It  appears  probable  that  absolute  alcohol  extracts  metabolic 
nitrogenous  material  in  addition  to  that  removed  by  ether,  despite  the 
fact  that  the  former  reagent  may  dissolve  a  certain  quantity  of  zein 
proteid.  The  exci'ement,  as  we  have  previously  observed,  conteins 
considemble  mucus,  and  this  material,  in  addition  to  the  nuclein  of 
desquamated  cells  of  the  alimentary  ti-act,  may  contribute  much  of  tlie 
metabolic  nitrogen.  These  two  souitwis  may  largely  account  for  the 
high  percentage  of  metabolic  nitrogen  oliserved  by  Parascht«chuk" 
(see  next  page).  The  comparison  of  the  a^'crago  digestion  coefficients 
for  orgjinic  matter  and  ether  extnict  indicates  a  satisfactory  i^^eemeat 
between  the  results  of  the  present  experiments  and  those  of  Parasch- 
tschuk,  and  the  siune  statement  applies  to  tiie  nitrc^en-freo  extru<^ 
Paraschtschuk  makes  no  mention  uf  an  examination  of  the  excrement 
for  starch. 
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A   OOMPARISON  OP   THK   PRESENT   WITII   PREVIOUS   EXPERIMENTS. 

The  averages  of  the  digestion  coefficiL'nts  of  corn  are  presented  in 
Table  VI  and  those  of  oats  in  Table  VII.  These  averages  arc  tabu- 
lated together  in  Table  IX,  and  are  graphitsally  represented  in  the 
smallor  cliart  nt  the  end  of  this  bulletin.  Table  IX  wn,s  constructed 
to  bring  out  the  comparison  l>etwecn  the  dato  of  the  present  experi- 
ments and  tliose  published  by  other  experimenters  relative  to  the 
digestive  coefficients  of  poultry.  There  have  also  been  included 
averse  digestion  coefficients  established  f<ir  other  farm  animals  under 
conditions  of  diet  as  closely  analogous  as  could  be  found. 

We  would  call  attention  to  the  unreliability  of  tlie  average  coeffi- 
cients of  digestion  for  crude  iil>er  in  the  corn  and  oats  experiments. 
In  view  of  tlic  rather  wide  variations  in  results,  it  seemed  misleading 
to  attacli  any  importance  to  such  tigiires.  References  will  be  made  to 
some  of  tlie  soun-csof  variation  to  l>e  coni^idered  in  the  comparison  of 
the  digestion  (coefficients  of  the  same  diet  presented  in  Table  IX. 


In  the  second  line  of  Table  IX  the  average  digestion  coefficients 
for  corn  established  by  I'araschtschuk"  are  pi-cscnted.  Owing  to  the 
artilicial  anus  establishexl  in  the  subjects  of  his  experiments,  his  data 
ai-e  not  strictly  comparable  with  those  of  our  digestion  trials.  No 
mention  of  the  accessibility  of  gravel  is  made  and  the  very  small 
quantity  excreted  Ity  the  animals  would  indicate  that  none  had  been 
offered.  Furthermore,  this  investigator  claims  that  approximately 
50  per  ('cnt  of  the  fecid  nitrogen  exists  in  the  metabolic  form  for 
which  a  correction  is  applied  in  the  calculation  of  crude  proteid.  It 
is  seen  that  our  average  digestion  coefficient  for  the  crude  proteid  of 
corn  is  nearly  9  per  cent  less  than  that  observed  by  Para-^chtschtik. 
Assuming  for  the  moment  that  his  data  for  the  metabolic  nitrogen 
represent  aecunvte  values  and  applying  his  average  corrective  tigiire 
to  our  digestion  coefficients,  the  respective  results,  whether  coinci- 
dentally  or  otherwise,  show  an  excellent  agreement. 

It  is  of  importjince  to  consider  the  method  employed  by  Pai'ascht- 
schnk  for  metabolic  nitixigen  with  reference  to  certain  criticism.  The 
directions  of  Pfeiffer'*  were  followed.  A  weighed  (juantity  of  excre- 
ment was  digested  with  1  jwr  cent  (Merck)  pepsin  solution  in  0.2  per 
(■ent  IICl  for  twenty-four  hours.  The  undigested  material  was  filtered 
off,  washed,  and  tlie  nitrogen  content  determined.  This  result  was 
assumed  to  represent  the  motalxilie  or  nonpi-oteid  nitrogen  of  the 
feces.  No  mention  is  made  I'elative  to  a  check  u[>on  the  activity  of 
the  pej)sin  solution  emplo^'ed,  and  there  was  apparently  no  attempt 
made  to  test  the  undigested  I'esidim  for  proteid  matter  with  a  view 
to  ascertaining  whether  all  of  this  ingredient  had  entered  solution. 
The   possibility  is  not  referred  to  that  a  portion  of  the   unknown 
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metabolic  nitrc^en  may  be  dissolved  by  the  0.2  per  cent  HCl  employed. 
As  ha»  lieen  previously  pointed  out,  this  method,  if  accurate,  in  not 
applicable  to  excrement  samples,  owing  to  the  presence  of  urinary 
constituents. 

In  the  light  of  a  recent  paper  by  Szumowski"  it  seems  unlikely 
that  the  pi-ot«id  matter  of  the  excrement  would  be  completely  dis- 
solved in  a  period  of  twenty-four  hours.  Szumowski  performed  arti- 
ficial digestion  tests  with  the  zein.  of  corn  and  found  that  the  substance 
b  di.isolved  only  very  slowly  in  both  pepsin  and  trypsin  solutions. 
Portions  of  a  pure  zein  preparation  were  placed  in  active  peptic  and 
tryptic  solntionH  and  at  the  end  of  seveml  days  no  marked  digestion 
had  occurred.  A  finely  divided  preparation  was  digested  for  fourteen 
days  before  complete  digestion.  SampleH  of  varying  weight  were 
te.«ted  with  peptic  and  tryptic  extracts,  and  solution  of  the  Diaterial 
was  nei'cr  obtained  in  le-ss  than  seven  days. 

Szumowski  estimates  that  50  per  cent  of  the  proteid  of  corn  is 
present  in  the  form  of  zein.  This  makes  it  appear  probable  that  a 
portion  of  thiM  material  would  appear  in  the  excrement.  He  fed  large 
quantities  of  com  exclusively  to  geese.  After  varying  intervals 
the  animalH  wei'e  killed  and  the  various  tissues  extracted  with  iKl 
to  yt!  ptM'  («nt  alcohol  to  remove  any  zein  which  might  be  present. 
The  wsidtn  were  negative,  showing  that  zein  is  tmnsformed  to  another 
form  of  proteid  tiefore  it  is  built  up  into  the  tissues.  When  injected 
dii-ectlj'  into  the  circulation  of  geese  it  exerts  a  marked  toxic  effect 
and  HccuntuIatcN  in  the  liver. 

A  Hulwtance  separated  from  the  cxci-emerit.  by  95  per  cent  alcohol, 
which  corresponds  in  some  respe(rts  to  the  properties  of  zein  proteid, 
isdescril>ed  on  page  S7.  If  unaltered  zein  is  at^'tually  present  in  corn 
exci-ement,  Piiraschtschuk  seems  to  have  committed  an  error  in 
assuming  a  complete  .solution  of  the  excrement  proteid  in  twenty-four 
hours  on  treatment  with  pepsin  solution,  if  so,  a  fi-action  of  his  data 
for  metabolic  nitrogen  is  probably  represented  by  undissolved  zein. 
This  criticism  is,  of  course,  applicable  to  all  digestion  experiments  in 
which  zein -containing  grain  has  been  fed,  whenever  the  digestion 
method  for  the  estimation  of  metabolic  nitrogen  has  been  employed. 

The  writer  has  carried  out  a  numl)er  of  digestion  tests  with  pepsin  and 
hydrochloric  acid.  A  number  of,  samples  of  corn  and  oab*  excrement 
were  digested  with  an  active  Merck  pepsin  solution  exactly  under  the 
conditions  prcscrilied  in  Paraschtschuk's  ex]>eriments.  In  all  cases 
the  wa-shcd  and  dried  residue  fi-om  the  twenty-four  hours'  digestion 
gave  a  distinctly  positive  reaction  for  proteid  matter  with  Millon's 
test.  The  digestion  tiltnttes  yielded  a  response  to  the  biuret  reaction. 
A  control  solution  of  the  pepsin  preparation  responded  very  faintly 
to  this  test,  l»iit  the  greater  intensity  of  the  reaction  in  the  former 
case  indicated  the  solution  of  proteid  material.     Egg  albumen  was 
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rapidly  digested  to  the  proteose  and  peptone  Htagc  in  the  presence  of 
the  excrement,  thuy  intimating  that  the  latter  contained  no  material 
inhibitory  to  the  action  of  the  enzyme.  These  residues  were  further 
digested  for  two  days  and  the  filtrates  and  washed  residues  again  exam- 
ined. Positive  rej^ulta  were  obtoined,  thus  suggesting  a  very  gradual 
solution  of  the  protcid  substances.  After  digesting  these  residues  for 
a  period  of  a  week,  the  residues  still  responded  to  Millon's  test,  thus 
indicating  the  presence  uf  indigestible  prottsld  or  certain  substunces 
tjclonging  to  the  aromatic  series,  such  as  indol,  skatol,  et<;.,  reacting  ' 
with  this  reagent-  The  aromatic  bodies  named  would  presumably  l>e 
present  in  too  minute  (juantity  to  respond  to  MillonV  test  imder  those 
conditions. 

The  writer  is  well  aware  that  the  solution  of  protcid  observed  in  the 
above  testa  does  not  necessarily  involve  digestion  of  the  same.  The 
following  experiment  was  undertaken  with  reference  to  this  matter. 
A  large  numbtsr  of  excrement  samples  were  exhaustively  extnwted 
with  hot  95  per  cent  alcohol  to  remove  as  much  pigment  us  possible. 
In  this  case  the  zein  proteid  would  also  be  largely  or  wholly  removed. 
The  dried  materials  were  subjected  to  digestion  with  0.2  per  cent  HCl, 
without  pepsin.  Otherwise  the  conditions  exactly  paralleled  those  of 
the  experiments  just  described.  No  proteid  was  found  to  be  dissolved 
by  the  a*ud.  It  thus  appears  probable  that  water- .soluble  proteid  mat- 
tor  of  the  excrement,  if  present,  was  i-endered  largely  insoluble  l)y 
coagulation  during  the  original  drying  pi-ocess  with  alcohol. 

For  sevei-al  reasons  the  avci-age  digestion  coefficientJi  reported  by 
Fields  and  Foi-d"  are  not  comparable  with  our  data.  The  excrement 
in  the  experiments  of  these  investigators  wa^  not  obtained  by  accumu- 
lation in  a  collection  apparatus  during  the  da)',  but  was  taken  from 
the  bottom  of  the  c^e  pen.  It  is  stated  that  the  legs  of  the  animals 
were  washed  at  the  beginning  and  end  of  each  digestion  period  and 
the  adhering  dung  collected.  In  this  way  a  serious  loss  of  nitrogen 
by  fermentation  of  the  excrement  might  occur.  A  description  of  the 
analytical  methods  which  were  employed  is  lacking.  Analytical  data 
are  tabulated  for  both  "protein"  and  "albuminoids,"  but  no  reason 
is  assigned  for  such  distinction  of  terms,  and  in  the  liteniture  of  diges- 
tion experiments  it  is  customary  to  use  them  synonymously.  The 
digestion  coefficients*  for  crude  proteid  from  both  the  whole-corn  and 
commeal  experiments  of  Fields  and  Ford  are  seen  to  be  fai'  lower 
than  the  corresponding  figures  reported  by  the  writ»*r.  The  data  for 
ether  extract,  ou  the  other  hand,  are  lower  in  the  present  tesfc*.  A 
lack  of  thoroughness  in  the  extraction  with  ether  is  a  plausible  source 
of  the  latter  discrepancy. 

The  above-mentioned  experiment*  of  Fields  and  Ford  fuinish  some 
data  relating  to  the  effect  of  grinding  on  the  digestibility  of  a  grain. 
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In  ilie  teste  with  M'hole  i^rn  and  <«ri)Ui<!al  nu  influence  is  manifested. 
The  results  with  Katir  corn  were  of  un  inconclusive  character,  and  tho 
digestion  coofficient^  of  whole  cowpeas  exhibited  )>ut  alight  variations 
from  those  of  eowpea  meal. 


The  averse  percentage  of  assimitntion  of  tlie  iiutricntw  in  oiir  oatv^ 
tests  is  contrasted  with  the  data  of  the  single  experiment  perfoi-nied 
by  Grost".  Such  n  couipari.son  offers  the  battis  for  suggestive  i-ather 
than  definite  and  conclusive  sfateiiicnt,  more  particularly  iia  the  rnnults 
of  Grost  rest  on  the  slender  basis  of  but  one  trial.  The  digestion 
coefficient  for  crude  proteid  is  reported  as  about  11  i>er  cent  higher 
in  the  writei''»  experinients.  The  character  of  the  analyti<ral  method 
for  crude  proteid  employed  in  the  respective  experiments  may  be 
responsible  for  this  diffei'ence.  The  corresjionding  results  for  ether 
extract  indi»»tc  a  ritther  siitisfactoiy  agreement,  a  concordance  not 
unexpected  in  view  of  the  identity  of  the  method  employed.  It  will 
be  not<!d  tliat  tJrost  finds  but  a  ti'atic  of  crude  filler  assimilated.  That 
his  datum  for  nitrogcn-f roc  extract  is  at  a  lower  viduo  than  tliat  deter- 
mined by  the  wrltt^'  would  follow  from  the  («iiiparison  of  tlie  coeffi- 
cients for  crii<le  proteid  Itrought  out  iilwve. 

These  differences  may  be  also  partly  referable  to  certjiin  features  in 
the  conduct  of  Grost's  experiments.  Thus  the  subjects  were  coi: 
finetl  in  a  perfectly  stationary  position,  in  order  that  the  excrcmeni 
might  be  quantitatively  collected,  and  no  mention  is  made  relative  to 
the  consumption  of  sand.  Such  close  continement  without  bodily 
exercise  in  such  at^ive  animals  may  considerably  depress  the  digestion 
cixifficients  of  some  or  all  of  the  nutrients  by  a  lowering  of  the  gen- 
end  body  metaboli-sm. 


In  the  compamtive  c<msidenitioii  of  the  wheat  experiment-*  there 
are  se^ei-al  .sources  of  variation  to  I)e  liornc  in  mind.  Kalugin'*-** 
computed  the  crude  proteid  content  of  the  feces  on  the  basis  of  the 
data  for  total  uric  acid  and  ammoniii  niti'ogen.  The  ammonia  was 
estimated  by  calculation  only,  on  the  assumption  that  this  constituent 
was  present  entirely  in  the  form  of  ammonium  quadriurate.  While 
Roberts '  has  adduced  nuich  evidence  in  favor  of  the  view  that  the 
uric  acid  is  so  comlnned,  it  has  not  been  demonstrated  that  all  of  the 
anmionia  is  i)resent  exclusively  in  thi.s  form.  Such  an  error  would 
decrease  the  actual  digestion  coefficient  for  crude  protein.  Lcbmann  " 
performed  his  wheat  experiment  under  the  conditions  of  an  artificial 
anus  and  reported  a  satisfactorj'  condition  of  the  animals  following 
the  operation.  As  we  wei-e  unable  to  locate  the  reference  to  his 
original  paper,  no  inf  oimation  could  be  gaine4  i-egarding  the  analytical 
methods  pursued. 
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The  data  for  organic  luatter  from  the  tlirec  soumcs  arc  atrikingly 
concordant.  While  the  digestion  coefficient  for  crude  proteid  is  about 
20  per  cent  higher  in  the  writer's  experimont  as  contrasted  with  that 
published  by  Kalugin,  Lehmann's  figure  agrees  with  our  result.  The 
absorption  of  ether  extract  in  low  in  all  three  cases,  but  the  finding 
of  Lehniann  is  much  inferior  to  the  results  secured  by  Kalugin  and 
the  writer.  The  digestion  coefficients  for  crude  lil>er  in  these  experi- 
ments are  utterly  at  variance.  Possible  explanations  for  such  con- 
fusion of  comitarativc  results  liave  been  advanced  at  a  former  place. 


In  the  experiments  of  Kalugin,"  Lehmann,"  and  Groat'''  the  data 
published  by  Kalugin  and  Lehmann  ou  the  digestion  coefficients  of 
peas  call  for  some  comment.  With  the  exception  of  organic  matter 
the  availability  of  the  nutrients  is  the  higher  in  the  case  of  Kalugin'a 
experiments.  The  results  of  the  digestion  experiments  with  barley 
performed  by  Kalugin  and  Grost  present  a  notable  agreement,  the 
more  striking  in  view  of  the  several  souives  of  error  incident  to 
experimental  work  of  thia  character.  The  agreeau;nt  is  especially 
pronounced  in  the  case  of  ether  extract  and  crude  fiber. 


It  is  of  interest  to  contract  the  data  for  the  assimilation  of  the  nutri- 
ents of  foodstuffs  in  poultry  with  those  obtained  with  other  farm  ani- 
mals under  conditions  of  diet  corresponding  to  eocli  other  as  nearly  as 
possible.  Such  comparative  data  are  presented  in  Tabic  IX.  It  will 
bo  noted  that  the  digestion  coefficients  for  ruminants,  lioraes,  and  hogs, 
with  the  exception  of  the  wheat  experiments,  are  «|uoted  from  the 
compilation  of  Wolff."  These  data  seemed  to  afford  a  sounder  basis  of 
comparison  than  the  few  American  experimentij  available,  owing  to 
the  larger  number  from  which  the  aven^  figures  were  drawn.  In 
some  cases  tiomparabic  data  could  not  Ixs  foimd  in  the  American  litei-a- 
ture.  In  fact,  the  number  of  experiments  on  record,  especially  with 
ruminants  and  horses,  must  be  necessarily  small,  owing  to  the  diffi- 
culty of  sustaining  such  animals  on  a  diet  exclusively  composed  of 
grain. 

Corn.- — Ruminants,  horses,  and  hogs  assimilate  the  organic  matter 
of  corn  in  approximately  equal  proportions.  The  digestion  coefficients 
for  this  nutrient  in  poultry  sliows  but  slight  vai'iation  from  that  of 
these  three  classes  of  animals.  Poultry  and  hogs  exhibit  approxi- 
mately the  same  digestive  capacity  for  tlie  crude  proteid  of  corn,  while 
the  digestion  coefficient  for  ruminants  and  horses  is  markedly  less. 
On  the  other  hand  different  relations  hold  true  for  tlie  digestibility  of 
the  ether  extract.      Ruminants  and  poultry  possess  approximately 
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equivalent  (U^t'stion  coefficients  while  horses  and  hogs  utilize  a  much 
smaller  proportion  of  this  nutrient.  The  digestion  coefficients  for 
crude  fiber  are  much  higher  in  ruminants,  horstss  and  hogs,  although 
the  figuroK  for  the  last-named  claas  stand  the  least  removed  in  value 
from  that  of  poultry.  The  proportionate  digestibility  of  the  nitro- 
gen-free extract  in  poultry'  in  seen  to  l»o  slightly  less  than  in  the  other 
three  classes  of  animals. 

Oah.  -In  a  careful  seiiwh  of  the  literature  on  the  subject  we  have 
)icen  unable  t')  locate  experiments  dealing  with  the  digestibility  of 
oats  as  a  sole  diet  in  iiogs.  The  table,  tlierefore,  onlj-  institutes  com- 
parisons between  the  digestion  coefticients  of  ruminants  and  hontcs, 
and  poultry.  The  organic  matter  of  oats  is  utilized  in  a  proportion 
somewhat  le.'^s  in  poultry  as  contrasted  with  niminants  and  horses. 
The  digestion  coefficient  for  crude  proteid  is  much  inferior  in  poultry 
as  comparwi  with  that  of  horses.  Ruminants,  however,  exhibit  only 
a  slight  superiority  over  the  assimilation  observed  in  poultry.  In 
regai-d  to  the  ahility  to  dig«'st  the  ether  extract,  there  is  practically 
no  diffoixsncft  between  these  two  clii-sses  of  animals,  while  the  availa- 
Itility  in  horses  api>ears  to  l»e  considerably  less.  We  have  previously 
called  attention  to  the  fact  that  the  data  for  cnide  fiber  in  the  poultry 
exiwrinients  show  generally  a  lower  proportion  of  a.ssiuiilation  in  oats 
than  in  corn.  It  is  an  int«>ivsttug  similarity  that  the  same  relation 
holds  true  for  this  constituent  in  the  digestion  test^  with  ruminants 
and  horses.  As  might  Im'  a  priori  surmised,  the  digestion  coefficient 
for  the  crude  Hl)er  of  oats  is  far  greater  in  ruminants  and  horses  than 
in  ptmltry.  On  the  basis  of  these  comparative  re-sults,  the  general 
nutritive  value  of  whole  oats  for  poultry  appears  to  be  less  than  for 
ruminants  and  hoi'ses. 

Wlu'iit.—  Tlie  few  figures  on  rci-ord  in  regard  to  wheat  afford  but  a 
slender  l)aHis  for  comparison.  A  review  of  the  literature  revealed  but 
one  study"  of  the  digestibility  of  whole  wheat  in  hogs,  and  apparently 
no  exiM^rinients  have  been  performed  with  horses  and  ruminants,  either 
under  conditions  of  exclii.sive  wheat  feeding  or  where  the  grain  was 
fed  wilh  a  Imsal  diet  of  known  digestibility.  Thedigestion  coefficient 
for  crude  proteid  is  somewhat  lower  in  pigs  than  in  poultry,  if  the 
data  of  Kalugin's  and  the  writer's  ex[>eriments  are  taken  as  the  basis 
of  conijHirison.  Ether  extract  is  absorlwd  to  a  slightly  greater  extent 
in  the  pig,  while  the  utili^tation  of  the  niti-ogen-free  extract  appears 
to  be  less.  It  is  of  intei-est  that,  corresponding  to  our  results  in  the 
case  of  poultry,  hogs  digest  the  ether  extract  of  wheat  in  much  lower 
proportion  than  that  of  corn. 

l\uM  (t)itl  hitrh-y. — Attention  is  called  to  the  data  contrasting  the 
digestion  coefficients  of  peas""  in  jxjultry  and  those  determined  for 
ruminants,"  horses,  and  hogs.  The  organic  matter  appears  to  lie 
utilized  to  a  slightly  greater  extent  in  horses  than  in  poultry,  but  in 
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rtiiiiinanU)  and  hogs  the  assimilation  ls  very  much  greater.  Further 
discussion  of  the  comparative  results  seems  futile,  owing  to  the  wide 
discrepancies  iK^tween  the  data  of  Kalugin  and  Lehmanii,  tlic  onlj- 
poultry  testa  with  peas  on  record.  The  statement  seems  jiistilied, 
however,  that  the  availability  of  the  crude  protoid  of  peas  is  high  in 
all  of  these  animals.  The  barley"'"  digestion  tests  with  poultry 
seem  sufficiently  concordant  to  permit  of  a  comparison  with  the  results 
of  digestion  experiments  secui-ed  with  the  other  classes  of  animals 
referred  to.  The  poultry  coefBcieuts  for  the  crude  proteid  of  barley 
are  not  greatly  I'cmoved  from  those  of  ruminants,  horses,  and  hogs, 
and  they  correspond  more  closely  to  the  two  latter  classes  than  the  tirst 
named.  The  organic  matter  is  utilized  to  a  less  extent  in  poultry  than 
in  any  of  the  other  animals  with  which  they  are  conti-asted.  In  their 
capacity  to  absorb  the  ether  extract  poultry  resemble  hogs.  In  the  case, 
of  horses  the  ether  extract  coefficient  was  much  lower;  ruminants 
exhibited  a  considerably  greater  percentage  of  absorption. 

UENERAL   DIS<njS8ION   OF  THE    DIOESTION    COEFFICIENTS, 

A  comparison  of  all  the  poultry  digestion  coefficients  of  Table  IX 
reveals  several  points  of  pi'actical  interest.  The  organic  matter  of 
corn  is  digested  to  a  greater  extent  than  was  observed  in  any  of  the 
other  foods  studied.  The  organic  matter  of  pea«  and  Imrley  is 
absorbed  in  approximatclj'  oquid  proportion.  The  digestion  coeffi- 
cients for  crude  proteid  possess  the  highest  value  in  the  case  of  corn 
and  peas.  There  are  but  slight  variations  in  this  value  as  regartls 
oats,  wheat,  and  l)arley.  The  percentage  of  ai^similation  is  consider- 
ably lower  in  the  case  of  buckwheat  tlian  is  recorded  for  the  three 
last-named  grains.  The  digestion  coefficient  for  ether  extract  is 
approximately  of  the  same  value  for  corn,  oat»,  and  peas;  slightly 
higher  for  buckwheat,  Allu-sion  ha.s  been  made  on  page  41)  to  the 
small  significance  which  is  to  be  attachetl  to  the  data  for  crude  tiber. 
The  digestion  coefficient  for  this  nutrient  seems  to  tend  to  Ixt  higher 
in  corn  than  in  any  of  the  other  grains.  Barley  yields  but  a  trace  of 
digested  crude  libci-,  and  the  percentage  of  utilization  is  slight  in  oats, 
rye,  and  buckwheat. 

Another  point  of  interest  brought  out  calls  for  mention,  namely, 
the  conspicuously  inferior  absorption  of  the  ether  exti-act  of  botli  r^-o 
and  wheat.  This  is  particulai'Iy  signiticant  when  assotuated  with  the 
fact  that  the  percentage  content  of  fat  itself  is  very  low  in  these 
grains,  more  markedly  so  in  the  case  of  rye.  This  low  assimilation 
may  lie  attributed  to  l>oth  the  small  <juantity  ingested  as  well  as  to  the 
inherently  low  iligestibility  of  fat  itself.  The  high  absorption  of 
ether  extract  and  the  low  availabilitj'  of  crude  protein  in  the  c^iso  of 
l)uckwhcat  are  eouspicuous  features  of  the  table.  These  comments 
also  apply  to  the  data  quotiHl  with  reference  to  millet. 
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In  view  of  the  aboie  coiMidci'ations,  the  fuel  value  of  the  assimi- 
lated food  per  lOl)  pounds  lx)dy  weight  is  greater  in  poultry  than  in 
the  larger  farm  animals  eompared  al>ove.  It  would  be  verj'  desirable 
to  directly  Cistimatn  the  fuel  value  of  the  assimilated  food  undcrvarioue 
conditioim  with  the  bomb  calorimeter.  Such  a  study  ia  not  posaible 
under  conditions  of  a  common  pathway  for  the  excretion  of  urine  and 
fec«s,  and  it  is  evident  that  the  establishment  of  an  artificial  anus  would 
be  nci.'essary.  The  data  for  fuel  value  here  presented  are  regarded  as 
but  approximations. 

The  comparative  data  representing  the  actual  assimilation  of  nutri- 
ents per  WO  pounds  of  the  grain  fed  present  several  features  of  in- 
t«!-est.  (Sec  Part  IV  of  Table  X.)  If  an  equal  consumption  of  the 
organic  matter  of  corn,  oats,  and  wheat  could  be  effected,  the  wheat 
would  presumably  yield  a  slightly  greater  quantity  of  crude  proteid 
than  the  oats.  Corn,  on  the  other  hand,  would  yield  a  much  smaller 
quantity  than  oats.  When  the  ether  extract  is  considered,  these  rela- 
tions are  <|uitc  reversed,  corn  yielding  the  greatest  amount,  while 
wheat  is  conspicuously  deficient.  With  regard  to  the  nitrogen-free 
extratrt,  there  is  hut  a  slight  difference  between  corn  and  wheat,  while 
the  assimilation  of  this  nutrient  in  the  case  of  oats  is  strikingly  infe- 
rior. The  preceding  statements  are  based  on  the  assumption  that  the 
digestion  coefficients  would  not  fluctuate  with  varying  amounts  of  food 
ingested.  The  latter  possibility,  however,  must  be  borne  in  mind,  and 
investigation  in  this  connection  is  called  for. 

The  question  of  palatability  is  of  importance  in  connection  with  the 
value  of  the  digestion  coefficients.  Thus  not  only  is  the  consumption  of 
oats  much  inferior  to  that  of  corn,  but  the  actual  percentage  of  assim- 
ilation of  the  proteid  of  oats  is  much  less  than  that  of  corn.  The  pro- 
portion of  ether  extract  in  whole  oats  is  inferior  to  the  latter  grain, 
and  the  availability  of  this  nuti'ient  is  hence  correspond ingly  less  in 
oats.  The  inferior  availability  of  the  nitrogen-free  extract  of  oats 
as  compared  with  that  of  corn  depends  both  on  the  lesser  consumption 
and  lower  digestibility.  The  matter  should  be  eni[)hasized  that  in 
incoiTX»rating  grains  into  poultry  rations  the  relative  palatability 
should  Ihj  correlated  with  the  digestion  coefficients. 

THK    COST   OF   TllK   TRlKCirAL   XUTRIENTS. 

The  great  value  of  infonuation  regarding  the  actual  cost  of  assiini- 
lateul  nutrients  in  the  various  poultry  footls,  such  as  the  grains;  the 
milling  by-products,  as  bmn,  middling.s,  ete.;  cut  bone,  the  hays, 
grasses  ete.,  is  obvious.  The  poultryman  himself,  would  be  com})e- 
teiit  to  rali-ulate  those  data,  provided  the  digestion  coefficients  of  the 
various  feeding  stuffs  were  availal>le.  AVhcn  such  coefficients  have 
Iwen  ostjiblished,  he  will  lie  enabled  to  select  the  nutrients  of  the  die- 
tary from  those  foods  which  in  his  locality  combine  the  highest 
digestibility  with  the  cheapest  cost. 
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In  Part  V  of  Tabic  X  we  have  recordtid  the  cost  of  each  nmstitucnt 
per  pound  of  dry  weight  an  calculated  when  the  actual  digestibility 
is  taken  into  considetation.  The  following  prices  per  huahel  were 
assumed  for  the  thrae  grains:  Cora  at  60,  out8  at  4(i,  and  wheat  at  80 
cent^.  Although  maiket  ratio  shows  great  Huctuation,  the  relative 
prices  here  adopted  are  thought  to  be  fairly  reprcaciitativc.  The  fig- 
ures obtained  are  of  suggestive  interest.  The  most  marked  feature  is 
the  cheaper  cost  of  the  three  nutrients  of  corn  as  compared  with  both 
those  of  oats  and  wheat.  The  crude  proteid  of  oab*  costs  practically 
50  per  cent  more  than  that  of  corn  and  the  same  constituent  in  wheat 
is  slightly  below  the  cost  in  oats.  The  worth  of  the  ether  extract  of 
wheat  is  conspicuously  high,  being  over  50  per  cent  more  than  this 
nutrient  furnished  by  corn.  The  nitrogen-free  extract  has  a  purchas- 
ing price  strikingly  higher  for  oats  than  the  other  two  gniins.  The 
provisional  conclusions  seems  justified  that  the  nutrients  of  corn  are 
not  only  assimilated  in  higher  proportion,  but  they  are  cheaijer  than 
in  the  case  of  the  oats  and  wheat.  With  equal  consumption  oats  will 
theoretically  yield  a  greater  quantity  of  crude  proteid  than  corn,  but 
from  the  economic  standpoint  it  would  probably  in  most  cases  be  of 
greater  advantage  to  feed  thi.s  constituent  in  the  latter  grain.  Obvi- 
ously, it  would  be  Imd  economy  to  employ  wheat  for  the  ether  extract 
of  a  ration,  but  the  crude  proteid  and  nitrogen-free  extract  of  this 
grain  may  often  be  more  economically  fed  in  mixed  rations  than  those 
of  oats. 

Table  XI  presents  the  values  of  the  income,  outgo,  and  assimilated 
quantities  of  the  nutrients.  In  reaching  thestt  calculations  it  has  been 
taken  for  granted  that,  for  practical  purposes,  the  crude  proteid,  ether 
extract,  and  nitrogen-free  extract  are  the  only  constituents  of  nutritive 
value.     The  cost  of  these  ingredients  per  kilo  weight  is  given  herewith: 

Cost  per  klliiipitvi  of  Cfiiuitihinifn  (if  rant,  lyilii  •iiid  irliiiit. 
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BOny   WEIGHTS   AND  COST   OF  ASSISni.ATF.D    XUTRIENTS. 

The  data  for  the  daily  body  weight  of  all  the  animals  arc  reported 
in  Table  XII,  and  the  observations  noted  by  Dr.  Thomas  Clarke  with 
chickens  under  like  conditions  of  diet  are  presented  for  comparison. 
Our  data  and  those  of  Doctor  Clarke  present  the  same  tendency  under 
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ttimilar  con<litions  of  diet  The  superiority  of  corn  over  oats  seems  to 
be  beyond  quei^tton.  Szumow»ki "  also  found  that  exclusive  corn  feed- 
ing led  to  a  marked  increase  in  the  body  weight  of  fowlti.  Attention 
should  be  called  to  the  fact  that  the  corn  test  with  chicken  G  and  the 
oats  trials  with  chickens  F  and  H  are  exceptional,  owing  to  the  non- 
accessibility  of  sand  to  these  subjects.  In  dietary  experiments  with 
poultiy,  the  changes  in  ))ody  weight  are  often  regarded  as  an  index  of 
the  sufficiency  of  a  ration,  but  such  changes,  to  be  of  significance,  must 
be  observed  in  carefully  checked  experiments  extended  over  a  long 
period  of  time  and  with  due  regard  to  all  possible  sources  of  variatioa. 
Although  the  experimental  periods  of  the  present  tests  are  of  short 
duration,  the  uniform  tendency  of  results,  especially  when  correlated 
with  the  food  assimilation,  indicate  that  the  differences  in  weight  have 
an  actual  significance.  With  the  single  exception  of  chicken  B,  the 
same  animals  show  a  greater  body  weight  on  com  as  compared  with  oats. 
Furthermore,  the  general  tendency  under  the  iufiuenco  of  the  former 
grain  is  to  increase  in  weight,  while  with  the  latter,  the  trend  is  in  the 
opposite  direction.  It  will  be  noted  that  the  consumption  of  oi^nic 
matter  is  much  greater  under  the  corn  diet,  not  excepting  the  experi- 
ments with  subject  B.  The  assimilation  of  proteid  in  the  last-named 
animal  is  slightly  the  greater  in  the  corn  trial.  The  marked  inferiority 
of  the  wheat  diet  is  demonstrated  by  the  lower  weight  and  tendency 
to  loss  as  contrasted  with  the  corn  experiments  on  the  same  animals. 
Little  may  be  said  here  as  to  the  nature  of  the  increase  or  loss  of  weight 
noted  in  these  experiments.  Under  such  circumstances  the  respiration 
calorimeter  would  be  needed.  In  view  of  the  fact  that  the  animals 
were  fully  matured,  growth  of  tissue  would  hardly  be  expected,  and 
no  the  increased  weight  is  quite  likely  referable  to  fat.  Owing  to  the 
well-known  fattening  property  of  corn,  considerable  laying  on  of 
adipose  tissue  miglit  l>e  looked  for  under  these  conditions.  On  the 
other  hand,  the  monotony  of  the  single  article  of  diet  and  the  depressing 
effect  of  the  confinement  would  tend  to  lower  the  ingestion  of  the  grain 
and  hence  retaid  the  increase  in  weight. 

The  imx>"rtance  of  the  relation  of  body  weight  to  the  cost  of  the  diet 
is  brought  out  in  the  data  of  Table  X  (Part  V)  and  Table  XI.  The 
value  of  gain  or  loss  in  body  weight  has  been  assumed  as  equal  to  1  cent 
per  ounce.  It  should  be  pointed  out  that  in  the  corn  experiments  the 
increase  of  body  weight  is  slight,  the  grain  practically  furnishing  a 
maintenance  ration;  for  this  reason  it  may  be  said  to  contain  within 
itself  approximately  the  proportions  of  a  balanced  ration.  Of  the 
corn  tests,  only  those  with  chickens  A  and  D  show  an  actual  profit, 
but  as  the  tendency  to  increase  in  weight  wa.s  manifest,  it  appears 
likely  that  the  remaining  animals  would  have  yielded  a  profit  after  a 
longer  period.  The  datn  for  the  oats  experiments  in  each  case  evince 
a  loss  much  greater  than  that  referred  to  in  any  of  the  corn  trials.     In 
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the  case  of  chicken  B,  the  loss  is  much  less  on  the  com  diet,  although 
a  slight  gain  in  body  weight  wiis  obsen'ed  in  the  oats  test.  The  single 
wheat  experiment  is  carried  <>ut  at  a  marked  loss. 

THE   USB  OP  THE   QRAINfl   IN   COMBINATION. 

With  reference  to  the  use  of  the  three  grains  in  combined  diet,  the 
following  suggestions  appear  warranted.  Corn  may  be  used  to 
'contribute  a  large  proportion  of  any  of  the  tiiree  nutrients,  but  more 
particularly  of  ether  extract  and  nitrogen-free  extract.  The  impres- 
sion prevails  among  many  poultiyraen  that  the  excessive  or  lil>ei-al 
feeding  of  corn  is  too  fattening  unless  the  animal  is  being  specifically 
fed  for  that  purpose.  It  is  further  thought  that  injurious  effects  arc 
more  especially  apt  to  follow  when  the  chicken  is  denied  free  i-anging. 
Our  observations  do  not  corroborate  this  opinion,  as  no  untoward 
results  followed  the  exclusive  use  of  corn.  However,  the  nutritive 
ratio  may  be  too  wide,  when  egg  production  is  the  object  in  view. 

Oats  may  be  utilized  for  the  crude  proteid  and  fat,  and  probably 
will  prove  of  most  value  when  incorporated  as  a  component  of  a  nar- 
row ration.  This  grain  has  been  regarded  by  many  feeders  as  being 
of  special  value  for  egg  production  owing  to  its  high  content  of  pro- 
teid. The  digestibility  of  ground  or  hulled  oat«  may  be  greater  than 
that  of  the  whole  grain.  The  writer  hopes  to  investigate  this  matter 
in  the  near  future. 

The  lack  of  palatability  of  wheat  would  probably  be  greatly  reduced 
or  might  be  overcome  in  properly  combined  rations.  Wheat  may  be 
introduced  into  the  dietary  for  the  crude  proteid  and  nitrogen-free 
extract.  The  deficiency  of  fat  in  the  wheat  may  be  supplied  by  that 
of  corn,  and  under  the  latter  condition  it  is  possible  that  the  untoward 
effects  of  the  ingestion  of  liberal  quantities  of  wheat  would  l)o  avoided. 

The  results  here  recorded  may  offer  at  least  a  partial  cxplanuti<m  of 
apparent  confusion  of  re^^ults  in  dietary  experiments  with  certain  so- 
called  wide  and  narrow  rations.  Thus  a  diet  of  wide  nutritive  ratio 
may  serve  the  purpose  of  a  ration  of  narrow  ratio  with  more  satisfac- 
tory results  than  the  latter  itself.  This  apparently  contradictory  out- 
come indicates  the  falhicj'  of  basing  the  digestibility  on  chemical 
composition.  Thus  the  food  containing  the  smaller  quantity  of  pro- 
teid or  fat  has  yielded  larger  quantities  of  the  nutrients,  owing  to 
higher  digestibility  or  palatability  or  both, 

THE  UTILIZATION  OF  SAND  BY  POULTBT. 

Tables  XIII  and  XIV  present  some  notes  on  the  consumption, 
retention,  and  excretion  of  .sand  by  poultry.  The  consumption  of 
sand,  as  we  might,  a  priori,  anticipate,  is  much  greater  on  an  oats  than 
a  corn  diet.     This  is  no  doubt  wcasioned  by  tlie  greater  proportion  of 
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fiber  in  oats.  Tables  VI  and  VII  present  the  ratio  of  sand  to  the  dry 
matter  of  the  food  given,  and  it  will  bo  seen  that  the  data  exhibit  con- 
siderable fluctuation  in  the  different  experiments. 

We  have  already  referred  to  the  digestion  experiments  with  chickens 
F,  G,  and  H  under  the  condition  of  absence  of  sand  from  the  diet. 
Chicken  F  was  purchased  February  26,  and  received  no  sand  from  that 
time  to  the  day  of  the  autopsy  (March  13).  The  daily  elimination  of 
total  SiO,  was  determined  from  time  to  time  and  showed  a  gradual 
decrease.  Thus  on  March  2  the  excretion  of  sand  amounted  to  0.7172 
gram,  while  on  March  3  and  12  the  elimination  was  0,045-i  and  0.3300 
gram,  respectively.  On  March  13  theanimal  was  killed  and  anautopsy 
performed.  The  viscera  appeared  perfectly  normal.  The  gizzard  and 
intestines  were  carefully  opened  and  2.8i  grams  of  gravel  removed. 
This  was  finely  ground  and  the  quantity  tjoluble  in  dilute  hydrochloric 
acid  wa;^  found  to  be  4.97  per  cent.  Another  animal  from  the  same 
farm  and  used  as  a  check  on  chicken  F  contained  3  grams  of  gravel  in 
the  crop,  of  which  3.1  per  cent  proved  soluble  in  dilute  hydrochloric 
acid. 

Chickens  G  and  H,  purchased  May  23,  had  no  access  to  gravel 
throughout  the  period  subsequently  observed.  On  June  1  chicken  G 
eliminated  O.lRtSS  gram  and  chicken  H  0.9633  gram  of  total  SiO,.  On 
Juno  21  the  quantities  excreted  were  0.6462  and  0.4761)  gram,  respec- 
tively; on  July  17  the  daily  excretion  was  reduced  to  0,1064  gram  and 
0.1211  gram.  Both  of  these  animals  at  the  end  of  the  digestion  experi- 
ments appeared  in  normal  vigor  and  tone.  Chicken  G  weighed  2 
pounds  12i  ounces  and  chicken  H  2  pounds  Hi  ounces.  The  chickens 
were  now  fed  oats  exclusively,  but  ad  libitum,  and  were  deprived  of 
sand  from  that  date  (July  23)  to  Octoter  4,  when  they  were  again 
weighed.  The  weight  was  now  3  pounds  3  ounces  and  3  pounds  1 
ounce,  respectively — a  slight  increase.  The  animals  were  a  trifle  less 
active  than  in  July,  but  otherwise  appeared  normal.  Apparently  the 
lack  of  gravel  had  not  led  to  any  serious  impairment  of  digestion. 
But  aftei'  this  the  animals  appeared  gradually  to  become  debilitated. 
On  December  2  an  attempt  was  made  to  photograph  them  with  the 
collection  pan  attached,  hut  they  appeared  unable  to  satisfactorily 
support  the  apparatus.  The  diet  was  now  changed  from  oats  to  corn, 
and  some  improvement  ensued  in  the  general  condition  of  the  animals, 
which  was  more  marked  in  the  case  of  chicken  G. 

Subject  H  suddenly  died  on  January  5.  The  autopsy  revealed  a 
serous-like  exudate  in  and  surrounding  the  crop,  but  the  alimentary 
canal  appeared  otherwise  normal.  The  macroscopic  appearance  of  the 
other  organs  appeared  normal.  Considerable  grain  was  noted  in  the 
crop  and  gizzard.  The  gizzard  contained  ten  particles  of  gravel  of 
varying  size,  the  total  weighing  0.767  gram.  It  is  a  rcmaikable  fact 
that  the  chicken  should  have  retained  this  material  after  a  lapse  exceed- 
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ing  seven  montli».  This  observation  is  the  more  striking  when  cor- 
related with  the  fact,  noted  by  the  writer,  Uiat  the  chickens  may 
excrete  as  mufh  as  i>  granite  daily  under  conditiooH  of  free  access  to 
gravel.  Apparently  there  is  a  provision  of  rtature  whereby  the  chicken 
may  to  some  extent  retain  the  grinding  material  in  the  alimentary  tract 
when  it  is  not  further  available. 

Chicken  I  was  also  placed  under  ol)servation  on  May  23.  This  sub- 
ject received  no  gravel  and  was  fed  on  corn  throughout  the  experi- 
menbj.  The  absence  of  sand  did  not  appear  to  (K-rasion  any  decrease 
in  the  customary  activity  of  the  chicken.  The  figures  in  Table  XIV 
flhow  a  coneidefable  fall  in  the  daily  output  between  June  1  and  6. 
Following  the  lattci-  date  the  daily  output  at  the  intervals  adopted 
shows  no  striking  variations,  but  excretion  is  ma)ntain(^<).  It  would 
seem,  hypothetirally,  that  after  a  sufficiently  long  period  the  silica  of 
the  gizzard  would  be  completely  eliminated. 

We  have  already  called  attention  to  the  impossibility  of  a  determi- 
nation of  the  proportion  of  assimilation  of  inorganic  matter  without 
the  use  of  some  artificial  method  for  the  separation  of  the  outlet  of 
urine  and  feces.  There  is  a  possible  source  of  error  which  must  not 
be  lost  sight  of  in  such  detei-minations,  and  that  is  in  the  possible  con- 
tent of  the  gravel  of  the  gizzard  in  soluble  inorganic  matter.  We 
have  noted  small  fractions  of  such  materials  in  our  examinations. 
The  subjects  employed  for  digestion  experiments  may  have  consumed 
certain  amounts  of  lime  or  iron  salts  in  connection  with  the  grit 
obtained  about  the  farm,  which  will  interfere  with  the  accurate  esti- 
mation of  pure  ash  in  the  excrement.  To  avoid  such  confusion  it 
seems  desirable  to  keep  the  animab  under  observation  for  some  time 
prior  to  the  digestion  experiment  and  with  an  abundance  of  sand  at 
their  disposal.  In  this  way  the  gravel  previously  consumed  may  be 
largely  or  wholly  gotten  rid  of. 

A  prominent  feature  of  the  data  expressed  in  Table  XIII  is  the  lack 
of  proportion  t)etween  the  ingestion  and  excretion  of  sand.  Thus 
chicken  A'  consumed  8l.it2  grams  of  sand  and  chicken  A'  52.1  grams, 
but  the  diffeivnce  in  excietion  between  these  two  teats  is  slightly  less 
than  3  grama.  The  consumption  for  chickens  A'  and  A'  is  practically 
identical,  but  the  output  of  kSiO,  is  nearly  40  grams  higher  in  experi- 
ment A'.  Ill  the  ca.s<>s  of  <'hicken8  C*  and  B'  the  consumption  for  C 
is  over  twice  that  for  B',  while  the  excretion  for  B'  is  only  one  gram 
greater  than  that  for  C.  In  the  corn  test  with  subject  D  the  con- 
sumption of  gnivel  is  slightly  greater  than  in  the  oats  experiment  with 
chicken  E,  but  the  excretion  is  far  greater  in  the  oats  experiment. 
Differences  wore  also  noticed  in  experiments  when  sand  was  withheld 
from  the  fowls.  Thus  chickens  F  and  II  present  a  much  higher  out- 
pat  of  sand  than  subject  (i. 
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BOOT   ANALYSES  OF  PODLTRT   AND   OTHER   ANIMAU. 

It  appears  of  interest  to  contrast  the  composition  of  the  bodies  of 
mammals  with  data  obtained  in  the  analyses  of  the  bodies  of  poultry. 
Jordan"  has  reported  a  number  of  results  obtained  by  Jenter  with 
reference  to  the  latt«r  subject.  Thus  the  mean  date  for  the  composi- 
tion of  Leghorn  hens  were :  Water,  55.8  per  cent;  protein,  21,6  per 
cent;  ash,  3.S  per  rent;  fat,  17  per  cent.  The  dry  matter  of  the  eggs, 
exclusive  of  the  shell,  exhibited  a  close  correspondence  in  composition 
to  that  of  the  body  of  the  hen.  A  comparison  with  the  figures  for  the 
analysis  of  a  calf's  l>ody,  made  by  Iawcm  and  Gilbert,'*  shows  that  the 
proportionate  crude  protcid  content  is  rather  less  than  in  poultry, 
while  the  fat  content  is  slightly  greater.  As  compared  with  a  Berk- 
shire pig,""  the  fowl  contains  a  much  lower  percentage  of  fat  and  a  larger 
proteid  content.  Data  are  available,  published  by  Lawea  and  Gilbert,'*' 
on  the  composition  of  increase  when  steers  are  fattening.  While 
thcHC  data  are  not  .strictly  comparable  with  those  from  poultry,  they 
are  of  interest  in  showing  a  far  greater  content  of  fat  and  a  much 
lower  percentage  of  proteid  than  in  the  latter  animals.  The  point 
seems  to  be  suggested  that  the  poultry  tissues  contain  a  relatively 
high  proportion  of  proteid,  while  the  fat  content  is  rather  lower  than 
in  some  of  the  other  farm  animals.  We  have  pointed  out  above  that 
the  fat  utilization  per  unit  body  weight  relative  to  the  proteid  and 
nitrogcn-fi-ee  extract  is  higher  in  poultry  than  in  oxen,  sheep,  horses, 
cows,  and  hogs.  It  seems  probable  that  in  birds  a  proportionately 
greater  (junntity  of  the  fat  and  carbohydrate  is  utilized  for  the  mtunte- 
nance  of  heat  and  energy  than  in  the  case  of  the  other  animals  named. 

BKARING  OF   PRESENT   EXPERIltfENTS  ON  CERTAIN  DIETART  STTmiES. 

It  would  be  a  matter  of  much  interest  to  contrast  the  findings  of 
the  dige«tiou  trials  of  this  paper  with  those  of  dietary  experiments  with 
poultry  performed  under  similar  conditions  of  feeding  in  the  open  air 
with  abundant  opportunity  for  exercise.  In  a  review  of  the  literature 
only  one'"  such  experiment  has  been  found  in  which  a  single  grain  was 
exclusively  feed.  The  nearest  approach  to  the  comparison  desired  is 
to  select  those  dietary  experiments  in  which  corn,  oats,  or  wheat  formed 
the  major  component  of  the  diet  and  when  the  value  of  the  grain  in 
question  for  egg  production  or  increa^  of  weight  was  considered.  It 
may  be  said  at  the  outset  that  it  seems  highly  desirable  to  investigate 
the  digestibility  of  a  large  number  of  dietaries  which  have  been  used 
for  various  purposes  in  poultry  feeding.  In  this  way  much  confusion 
with  regard  to  the  results  of  such  dietary  experiments  may  be  cleared 
up  and  the  more  exact  rationale  of  the  value  of  such  diets  be  deter- 
mined. Information  of  this  character  will  prove  of  worth  in  the  cor- 
rection of  existing  dietaries  and  the  formation  of  untried  food  com- 
binations for  siXicial  purposes. 
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There  are  a  few  observations  on  record  which  have  to  do  with  the 
comparative  nutritive  values  of  whole  wheat  and  cracked  corn.  We 
have  heen  uiiable,  however,  to  locate  experiments  in  which  the  end 
sought  was  a  comparison  of  either  of  these  two  grains  with  oats. 
Smith  and  Brooks,""  at  the  Michigan  State  Experiment  Station,  car- 
ried out  comparative  feeding  trials  with  whole  wheat  and  cracked 
corn.  Each  pen  of  chickens  received  lettuce,  cabbage,  rhubarb,  oyster 
shell,  and  gi-een  bone  in  addition.  One  pen  consumed  145,25  pounds 
of  wheat  and  the  other  159.5  pounds  of  ci-acked  corn.  It  required 
2.62  pounds  of  wheat  as  against  2.5  pounds  of  corn  to  produce  1  pound 
of  gain  in  body  weight;  the  i-esultw  therefore  slightly  favored  the  corn 
ration.  The  chickens  were  limited  in  their  range  in  order  that  the 
food  consumption  might  he  exactly  known.  In  a  hiter  experiment 
Smith"'  noted  tliat  2,8  pounds  of  wheat  and  2.77  pounds  of  corn, 
respectively,  were  utilized  to  produce  1  pound  gain  in  lx)dy  weiglit,  a 
result  confirming  the  test  just  quoted.  James  Dryden,'"  at  the  Utah 
Station,  has  also  studied  the  comparative  value  of  rations  in  which  corn 
and  wheat  formed  the  predominant  constituents.  The  wheat  seemed 
to  yield  superior  results  with  reference  to  the  egg  production. 

At  the  Cornell  (N.  Y.)  State  Experiment  Station,'"*  the  influence  of 
the  following  rations  was  studied:  The  one  designed  to  be  of  a  wide 
nutritive  i-atio  was  composed  of  cracked  Indian  corn  and  Indian  corn- 
meal  dough ;  the  one  used  as  of  narrow  nutritive  ratio  consisted  essen- 
tially of  one  part  of  a  grain  mixture  and  two  parts  of  skimmed  milk. 
The  grain  mixture  was  made  up  of  equal  parts  of  wheat  bran,  wheat 
shorts,  and  cotton-seed  meal.  The  same  quantity  of  green  clover  and 
cabbie  was  added  to  each  lot.  The  chickens  failed  to  develop  satis- 
factorily with  the  corn  diet.  One  prominent  feature  was  the  lack  of 
growth  of  feathers.  The  bones  of  the  chickens  fed  on  the  moi-e  nitrog- 
enous ration  were  found  to  be  50  per  cent  stronger  than  those  of  the 
other  lot  and  a  larger  number  of  eggs  were  yielded  than  on  the  diet 
of  wider  nutritive  ratio.  The  e^s,  however,  were  of  poorer  quality 
and  smaller  than  those  from  the  diet  of  wider  ratio.  In  the  present 
experiments  with  exclusive  corn  feeding  a  noticeable  loss  of  feathers 
or  a  tendency  to  weakness  of  any  of  the  bone  structures  was  not 
oljserved.  It  might  be  true  that  under  a  longer  period  such  symptoms 
would  become  manifest.  It  appears  plausible,  more  especially  in  view 
of  certain  experiments  (to  be  rcfen-ed  to  lat«r),  that  the  deficiency  of 
tish  in  the  corn  diet  may  have  been  concerned  with  the  untoward 
i-esulta  reported. 

Brooks  and  Thomson,""  of  the  Hatch  Station  of  Massachusetts, 
have  reported  some  interesting  experiments  which  were  planned  to 
ascertain  the  effect  of  certain  rations  of  nan'ow  and  wide  ratio  on  both 
egg  production  and  body  weight  and  contrast  the  nutritive  value  of 
corn  and  wheat    In  the  ration  of  wide  nutritive  ratio  corn  figured  as 
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the  prin<-ipal  cotii^tituent,  while  wheat  formed  the  main  fraction  of 
the  mofo  nitrogenous  diet.  The  resultn  demonstrated  tlie  overwhelm- 
ingly superior  cliuiHcter  of  the  corn  ration.  The  components  of  the 
narrow  ration  were  wheat,  oab»,  millet,  wheat  bran,  wheat  middling, 
gluten  feed,  animal  meal,  cut  clover,  rowen,  and  cabbage.  The  wide 
ration  waa  compounded  of  whole  com,  corn  meal,  wheat  bran,  animal 
meal,  millet,  rowon,  and  cut  clover.  Two  breeds  of  fowls  were 
employed,  and  the  experiments  were  performed  in  both  summer  and 
winter.  In  both  the  seasons  named,  and  with  lx>th  breeds  of  chickens, 
the  results  were  essentially  the  same;  that  is,  the  wide  ration  yielded 
superior  results. 

The  production  of  eggs  was  23  to  91  per  cent  higher  on  the  com  as 
compared  with  the  wheat  ration.  Further  advantages  of  the  ration 
with  the  wide  nutritive  ratio  were  a  greater  gain  in  weight  and  the 
earlier  molting  of  the  fowl-  The  cost  of  the  food  per  e^  was  very 
much  less  than  for  the  animals  with  the  wheat  ration.'*,  the  palatability 
of  which  was  much  inferior  to  that  of  corn.  These  results  seem 
rather  opposed  to  the  commonly  accepted  idea  tlat  the  more  nitrog- 
enous ration  is  the  more  conducive  to  egg  production,  but  this  opin- 
ion is  often  based  on  the  mere  chemical  composition  of  the  ration 
without  regard  to  the  actual  digestibility.  Owing  to  the  greatcrpalata- 
bility  of  the  corn  i-ation,  and  the  higher  dige.-stion  coefficients  as  com- 
pared with  oats  and  whesit,  the  actual  a.-<similation  of  proteid  matter 
was  perhaps  the  higher  in  the  ration  of  wide  nutritive  ratio.  Hence, 
these  results  are  in  accord  with  the  conclusions  of  the  digestion  experi- 
ment*! of  the  writer.  The  low  proportion  of  ether  extract  yielded  by 
wheat  may  be  a  factor  in  the  inferior  value  of  the  wheat  ration.  In 
view  of  these  con.-jiderations,  the  nutritive  value  of  wheat  for  poultry 
seems  to  have  been  rather  overestimated,  and  if  this  i.'^  definitely 
established  it  should  prove  of  much  economic  importance. 

In  the  experiments  of  Stewart  and  Atwood'"  on  the  influence  of  nar- 
row and  wide  rations  on  e^  production,  the  more  nitrogenous  ration 
differed  from  that  of  wide  nutritive  ratio  in  containing  ground  fresh 
meat  and  bone,  but  a  smaller  proportion  of  corn  meal.  The  wide  ration 
proved  less  efficient,  while,  as  we  have  reported  above.  Brooks  and 
Thomson  obtained  the  reverse  result.  A  plausible  interpretation 
would  bo  that  more  proteid  was  assimilatc<l  from  the  ground  meat  and 
fresh  bone  of  the  narrow  ration  than  from  the  com  meal  of  the  wide 
ration. 

In  the  experiments  of  Wheeler'"  at  the  Geneva  (N.  Y.)  Experi- 
ment Station  with  regard  to  the  importance  of  sufficient  quantities  of 
inoi^anic  matter  in  poultiy  foods,  he  first  noted  that  a  ration  in  which 
alK)ut  two-fifths  of  the  proteid  wiis  supplied  by  animal  food  proved 
much  more  profitable  to  chickens  than  another  supplj^ing  an  equal 
amount  of  proteid  largely  from  vegetable  sources,  but  supplemented 


DIGESTION   EXI'ERIMKMTS   WITH   I'OttLTRY.  77 

by  skiiu-inilk  rutd.  When  two  such  rations  wciv  fiid  to  cockerels  the 
retJiilUi  were  decidedly  favoi-aldp  to  thi^  iiniinal  food,  hut  the  difference 
practicall}'  disappeared  with  the  mature  animals.  The  chief  advan- 
tages of  the  animal  ration  were  the  more  rapid  growth  and  earlier 
maturity.  The  difference  was  oven  more  pronounced  with  ducklinge;, 
as  the  growth  wan  over  thi-eo  times  aw  rapid  under  the  diet  in  which 
one-tilth  of  the  pixiteiii  was  of  animal  origin. 

Further  experimf^ta""  were  conducted  to  (wccrtain  the  rationale 
of  the  inferiority  of  the  ration  con8i:jting  largely  of  vegetahic  food. 
It  was  BU8pect«d  that  the  lower  ash  content  of  the  vegetable  diet  was 
connected  with  this  difference.  When  this  deficiency  was  actually 
supplied  by  bone  ash,  the  efficiency  of  the  \'egetal)Ie  diet  equaled  or 
exceeded  that  fi-om  the  animal  source.  Even  for  laying  hens,  the  vege- 
table food,  Huppleinented  by  bono  ash,  provwl  ei|ually  as  satisfactory, 
at  least  for  limited  periods.  Hence  there  at)pears  to  be  no  intrinsic 
practical  dltlerencc  in  the  digestibility  of  the  animal  and  vegetable 
proteid  matter;  but  the  presence  of  the  inorganic  matter  in  proper 
proportion  is  essential  in  both  cases.  Wheeler,  however,  states  that  a 
diet  containing  a  certain  proportion  of  animal  food  is  rather  tlie  more 
enduring  in  its  effects  than  a  i-ation  composed  of  vegetable  proteid 
alone,  even  when  .supplemented  by  l)one  ash  to  bring  it  to  the  highest 
point  of  efficiency. 

These  con  side  nitions  suggest  that  the  single  grains  employed  in  the 
present  experiments  lacked  mineral  matter,  and  that  the  digestibility 
might  be  heightened  on  repeating  these  tests  with  the  addition  of 
appropriate  inorganic  matter.  Experiments  directed  to  this  end 
should  prove  of  much  practical  value.  Digestion  tests  should  also  be 
carried  out  between  comparative  i-ations  of  corresponding  chemical 
composition,  the  one  containing  proteid  largely  of  vegetable  origin, 
and  employing  a  wide  variety  "f  grains,  the  other  comprising  proteid 
from  animal  sour<:es,  as  animal  meal,  fresh  bone,  etc. 

80.MB   MISCELLANEOUS  OD8EKVATION8. 


The  period  of  retention  of  grain  iti  the  crop  of  chickens  may  be 
expected  to  vary  with  the  rate  ()f  the  digestion  pi'ocesaes  us  well  as 
the  amount  of  grain  consumed.  It  is  obviously  a  matter  of  practical 
importance  to  ascertain  the  degree  of  regularity  of  passage  of  the 
grain  from  the  crop  to  the  gizzard,  and  whether  the  rate,  of  convey- 
ance varies  with  the  quantity  of  food  ingeste<l.  It  would  seem  plausi- 
ble tliat  the  gizzard  maj'  possess  a  limited  caimcity  to  receive  the 
grain  within  a  given  time.  If  this  proves  to  be  the  case  it  liecomes 
doubly  essential  to  employ  unifonn  amounts  of  daily  food.  In  mam- 
mals, on  the  other  hand,  tlie  food,  even  if  consumed  in  irregular 
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duily  amounts,  becomes  at  once  exposed  on  deglutition  to  the  digres- 
tivo  juices 

Varjing  amounts  of  grain  were  fed  to  fowls  with  empty  erops  and 
tlie  time  occupied  in  the  entire  passage  of  the  food  to  tlie  gizzard  care- 
fully noted.  The  fowls,  ea<;h  weighing  3  pounds  5  ounces,  received 
30  gi-anis  of  com  each  at  in.4o  a.  m.  At  il  p.  m.  Ixjth  crops  contained 
a  few  grains,  but  at  10.15  the  oi-gan  of  one  fowl  wa«  empty,  while 
that  of  tlie  other  still  contained  a  few  gi-ains.  At  11  p.  m.  the  crop 
of  the  latter  fowl  became  empty.  At  S  a.  m.  both  chickens  again 
received  30  grams  of  corn  each.  Examination  of  the  crop  at  8  p.  m. 
indicated  that  in  both  casi's  the  crop  contained  a  little  material.  At 
9  p.  m.  the  oi^^n  was  empty  in  one  of  the  chickens,  and  the  other 
was  found  to  be  free  from  gmin  at  9.30,  Thirty -five  grams  additional 
com  were  fed  at  10  p.  m,  and  the  crops  became  empty  on  the  follow- 
ing day  at  1  and  1.30  p.  m.,  i-espectively.  At  2  p.  m.  each  fowl  con- 
sumed 50  grams,  and  the  time  of  tlic  disappearan<-e  noted  was  on  the 
following  day  at  i.15  and  2.^5  p.  m.,  respet^tively.  These  observations 
arc  tyi)ic«I  of  a  lai'ge  numl>er  made  with  .several  fowls.  The  period  of 
retention  of  oats  in  tlie  crop  was  also  considered,  with  results  essen- 
tially similar  to  those  recorded  above.  As  observed  in  the  case  of 
corn,  a  tritliiig  variation  was  sliown  for  fowls  of  equal  weight. 

In  tlie  digestion  experiments  with  chickens  G  and  H,  the  crop  was 
examined  each  morning  prior  to  feeding.  As  we  have  recoided  aix)ve, 
the  animalri  were  fed  twice  daily,  the  aftfirnoon  meal  being  eaten  at  4 
and  that  of  the  morning  at  9.30  o'clock.  In  chicken  G,  the  crop  was 
found  free  from  corn  in  the  morning  except  on  two  days.  The  crop 
of  chicken  II  always  contained  a  few  grains  of  oats. 


In  the  experiments  about  to  be  described  it  was  planned  to  examine 
the  excrement  for  certain  constituents  which  have  not  as  yet  been 
n^ported,  or  whose  presence  needs  confirmation.  There  is  little  litera- 
ture hi-aring  on  the  suliject  of  the  composition  of  avian  urine,  and  the 
few  oltscrvations  on  record  are  lacking  in  haiinony.  It  is  obvious 
tliJit  this  miittor  would  be  greatly  facilitated  if  the  urine  and  feces 
could  bo  obtained  in  a  pure  condition.  The  admixture  of  the  two 
excretions  must  complicate  the  appliaition  of  the  various  qualitative 
or  i|nantitativc  metlimis  iidapt^'d  to  mammalian  urine. 

While  ammonium  urate  forms  tlie  chief  component  of  the  urine  of 
the  bird,  it  is  not  by  any  means  the  exclusive  nitrogenous  constituent, 
licference  biiH  been  made  to  Lang's"  i>aper,  in  wliich  ho  indicates  that 
12..">0  to  IH.DO  pt'r  cent  of  the  total  urinary  nitrogen  of  geese  may  be 
in  the  form  of  mab.*riiil  exclusive  of  uric  acid,  uroa,  and  ammonia,  and 
(juitc  likely  repi-esentod  by  bodies  of  the  amido-acid  tjpc.  Due  allow- 
ance must,  of  course,  be  made  for  the  attendant  abnormal  experimental 
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conditions,  as  the  large  intestine  was  ligatured  in  order  to  obtain  the 
urine  in  a  pure  condition. 

The  nitrogenous  substances  of  birds',  urine,  aside  from  ammonium 
urate,  are  present  in  exceedingly  small  quantities.  In  fact  it  must 
be  borne  in  mind  that  the  creatinin,  hippuric  acid,  purin  bases,  etc., 
are  present  in  mammalian  urine  in  relatively  minute  quantities,  and 
this  is  conspicuously  brought  out  when  the  amounts  of  such  cxtiuctives 
are  calculated  per  kilo  body  weight.  Hence  tlie  urine  of  animals  of 
80  low  a  body  weight  aa  poultry  would  contain  in  all  probability  but 
minimal  amounts  of  such  extractives  if  present  at  all.  In  view  of 
these  considerations  very  large  quantities  of  excrement  would  be 
required  to  demonstrate  the  presence  of  such  bodies. 

In  1861  Meissner'  devoted  considerable  attention  to  the  composition 
of  poultry  urine.  He  examined  the  excrement  for  creatinin  under  con- 
ditions of  both  exclusive  meat  and  grain  diet.  The  excrement  of  the 
meat-fed  hens  readily  yielded  creatin  but  no  creatinin.  Only  minute 
amounts  were  eliminated  by  the  grain-fed  animals,  and  in  many  cases 
its  presence  could  not  be  satisfactorily  demonstrated.  A  much  smaller 
quantity  of  creatin  was  contained  in  the  excrement  of  hens  fed  with 
liver  as  compared  with  those  on  the  meat  ration.  When  creatin  was 
administered  hypodermically  it  was  practically  all  recovered  as  such 
in  the  excrement.  It  seems  open  to  question  whether  the  creatin 
found  by  Meissner  did  not  represent  transformed  creatinin,  as  the 
process  of  manipulation  may  have  caused  the  convei-sion  of  the  latter 
into  the  former  substance.  A  large  part  or  all  of  the  creatin  may  have 
originated  directly  from  that  present  in  the  meat  fed.  It  is  of  interest  ■ 
in  this  connection  that  Mallet"*  has  found  tliat  creatinin  when  adminis- 
tered to  man  is  largely  excreted  unchanged,  while  creatin  is  excreted 
in  the  form  of  creatinin. 

Meissner  claimed  to  have  identified  urea  in  the  excrement  from  >K>th 
meat  and  grain  feeding,  the  quantity  as  expected  being  nuich  smaller 
on  the  latter  diet.  Minkowski'"  confirmed  Meissner's  statement  that 
the  urine  of  fowls  contoins  urea,  and  ho  estimated  that  from  d  to  4  per 
cent  of  the  urinary  nitrogen  was  present  in  this  form.  In  Beilstein's'" 
'  Handbuch  der  Organischen  Chemie  the  writer  found  a  statement  that 
urea  is  absent  from  the  excrement  after  a  herbivorous  diet.  No 
reference  is  appended  for  this  assertion  and  it  is  opposed  by  the  results 
of  our  experiments,  to  be  described  later. 

Meissner  searched  the  excrement  of  the  hen  for  hippuric  acid  with 
negative  results.  He  then  attempted  to  ascertain  whether  the  inges- 
tion of  benzoyl  compounds  would  induce  the  excretion  of  hippuric 
acid,  as  has  been  established  for  mammals.  This  substance  waci  appar- 
ently not  formed.  There  were  excreted  two  other  bodies,  one  con- 
taining nitrogen  and  the  other  nonnitrogenous,  wbicli  are  described, 
but  their  constitution  was  not  determined. 
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Jaff^"  found  that  benzoyl  compounds  led  to  the  formation  of  a  nttrog- 
eDouu  body,  apparently  corresponding  to  tlie  substance  ropoi-ted  by 
Meiasner.  This  body  was  designated  ornitbnric  acid  and  id  analogous 
in  structure  to  hippurie  acid,  ))oing  a  condt'iisation  product  of  l>enzoie 
acid  and  diamido-valerianic  acid.  -  He  makes  no  mention  as  to  the 
presence  or  absence  of  this  body  from  tiie  oxcreincnt  of  animals  which 
had  not  received  benzoyl  compounds.  The  non nitrogenous  body 
referred  to  by  Meiasner  is  not  mentioned  in  .laffe's  communiimtion. 

Bongei-s'"  also  failed  to  detect  hippuric  acid  in  the  excrement  of 
fowls,  and  found  that  this  body  wa»  excreted  as  such  when  adminis- 
tered per  OS  or  hypodermically.  Sodium  benzoate  was  observed  to 
yield  60  per  cent  of  it^  l>enzoic  acid  as  such  in  the  excrement,  the 
remainder  beinjf  largely  transformed  to  ornithuric  acid.  Ornithuric 
acid  could  not  be  found  in  the  excrement  of  the  animals  on  a  mixed 
diet  which  had  received  no  benzoic  acid.  It  is  to  be  presumed  that 
those  foods  which  lead  to  a  pronounced  excretion  of  hippuric  acid 
in  mammals  will  induce  the  elimination  of  ornithuric  acid  in  birds. 
Bongers  claims  that  the  feedinjf  of  gelatin  plus  sodium  benzoate 
occasioned  a  very  marked  elimination  of  ornithuric  acid,  but  no  hip- 
puric acid  could  bo  detected  in  the  excrement.  Apropo.-i  of  the  above 
considerations,  it  maj'  be  stated  that  a  condensation  product  of  pyro- 
mueic  acid  and  glycocoll,  analogous  to  hippuric  acid,  has  also  been 
found  in  the  urine  of  hens.  Jatf^  and  Cohn'"  noted  that  furfural 
was  transformed  to  ])yromucic  acid  in  hens,  as  Jaff6  liad  previously 
pointed  out  in  the  vtu^  of  dogs  and  rabbits.  Part  of  the  pyromucic 
acid  wa.s  eliminated  as  such  and  part  in  the  condensation  form  men- 
tioned above. 

The  urine  of  hens,  in  addition  to  the  substances  already  described, 
may  contain  purin  bases  in  very  minute  quantity.  Milroy"  has  re- 
ported this  result  from  the  examination  of  urine  obtained  under 
conditions  of  an  artificial  anus. 

The  writer  has  searched  the  literature  for  statements  relative  to  the 
elimination  of  ethereal  sulphuric  acid.  As  has  t)een  previously  indi- 
cated, owin^  to  the  rapiditj'  of  the  digestion  processes  iti  birds  and  the 
ill-defined  development  of  a  large  intestine,  there  is  probably  a  rela-" 
tively  small  extent  of  intestinal  putrefaction;  hence  a  relatively  small 
elimination  of  indol,  skatol,  and  bodies  of  that  ty{>e  might  be  expected. 
Christian!"*  detected  ethereal  tiulphunc  acid  in  hens'  urine  after  a  meat 
diet  and  found  that  the  ingestion  of  Indol  leads  to  its  excretion  in  the 
form  of  indoxyl sulphuric  acid.  Schary"'  asserts  that  the  subcutane- 
ous injection  of  phenol  results  in  the  elimination  of  this  body  in  the 
form  of  ethereal  sulphuric  acid.  Poiirosch  "'  claims  that  the  subcutane- 
ous injection  of  phenol  or  ligature  of  the  intestine  docs  not  cause  the 
appearance  of  indoxylsulphuric  acid  in  the  urine.  On  the  authority  of 
Bongers"*  benzol,  when  administered  to  hens,  is  oxidized,  as  in  mam- 
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mals,  to  phenol,  and  leavew  the  kidneys  aa  ethereal  aulphuric  acid. 
The  negative  influence  of  extirpation  of  liver  on  the  inetaboiism  of 
sulphur  ha«  l>cun  already  referred  to  at  a  former  place."  These  few 
obaervationa  show  that  much  additional  investigation  is  required  in 
this  connection. 

Jn  our  examination  of  the  excrement  we  have  kept  the  following 
ends  in  view:  To  search  for  the  presence  of  urea,  ereatinin,  hippuric 
acid,  omithuric  acid,  allantotn,  kynurenic  acid,  benzoic  acid,  and 
cholesterin-likc  material.  It  need  hardly  be  mentioned  that  we  have 
borne  in  mind  the  possible  presence  of  substances  not  heretofore 
described. 

TJrM. — Samples  weighing  25  grams  of  both  the  dried  ground  corn 
and  oats  excrement  were  selected  for  this  test.  The  urea  content  of 
these  samples  would  in  all  probability  be  lower  than  in  the  freshly 
passed  excrement,  as  the  temperature  of  drying  over  the  steam  bath 
would  tend  to  cauae  decomposition.  The  samples  were  treated  with 
500  c.c.  of  95  per  cent  alcohol  each,  thoroughly  stirred  and  filtered. 
The  filtrate  was  evaporated  to  dryness  over  a  water  bath  at  50'-'  to  60*^ 
C,  and  the  residue  taken  up  in  25  c.c,  of  water.  The  method  of 
Momer  and  SjOquist'"  was  now  followed.  The  solution  was  treated 
with  an  equal  volume  of  a  saturated  solution  of  barium  chloride  con- 
taining 5  per  cent  of  barium  hydrate.  The  precipitate  wastiltei-cd  off 
and  the  clear  filtrate  evaporated  to  dryness  between  SO'-"  and  CO'-  C. 
The  residue  was  extracted  with  25  c.o.  of  cold  absolute  alcohol  and 
the  filtrate  allowed  to  spontaneously  evaporate  to  dryness.  The  resi- 
due so  obtained  appeared  partly  crystalline  and  partly  amorphous. 
The  crystals  were  made  up  of  tine,  long  needles  closely  resembling 
urea,  and  the  application  of  the  urea  nitrate  test  resulted  jxisitiveiy. 
Although  no  quantitative  determination  was  attempted,  it'was  seen 
that  the  amount  present  in  the  weight  of  excrement  taken  must  be 
exceedingly  small. 

Hippuric  acid. — Attention  has  already  been  called  to  the  fact  that 
the  acetic-ether  extracts  of  the  excrement  contain  a  small  percentage 
of  nitrogen  which  might  possibly  be  referable  to  hippuric  acid. 
Twenty  grama  of  mixed  corn  and  oats  excrement  were  employed  in 
this  teat.  This  material  had  been  used  for  the  quantitative  determi- 
nations of  ether  extract,  and  hence  was  entirely  freed  from  fat.  The 
substance  was  now  extracted  in  the  cold  with  two  successive  portions 
of  100  c.  e.  of  acetic  ether,  and  the  combined  filtrates  of  a  deep  orange 
color  were  distilled  until  the  volume  was  reduced  to  25  c.  c.  This 
residual  fluid  was  allowed  to  gradually  concentrate  at  room  tempera- 
ture in  a  large  open  dish.  The  slight  residue  appeared  entirely  amor- 
phous. It  was  redissolved  and  again  allowed  to  concouti'uto  with 
similar  result. 
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Another  procedure  waa  attempted  with  the  use  of  larger  quantities 
of  excrement.  Two  50-gi-am  portions  from  corn,  oats,  and  wheat 
feeding,  respectively,  were  treated  as  follows;  Extraction  waa  first 
carried  out  with  600  c.  c,  of  water,  the  material  being  stirred 
frequently  for  three  bout's.  A  few  drops  of  a  thymol  solution  were 
added  to  prevent  putrefaction,  and  filtration  was  undertaken.  This 
was  twice  repeated  in  order  that  a  perfectly  clear  fluid  might  be 
obtained.  The  filtrates  from  the  two  samples  were  now  combined  and 
evaporated  to  a  volume  of  about  200  c.  c.  The  fluid  was  allowed  to 
stand  in  the  ice  box  several  days.  Considerable  material  separated 
out  of  solution,  which  waa  collected  on  a  filter  and  washed  with  a  little 
water.  This  material  was  preserved  for  future  examination.  The 
filtrate  from  the  washings  was  evaporated  to  a  thick  simpy  consist- 
ency of  blackish  appearance.  This  residue  was  thoroughly  extracted 
with  ether,  and  finally  with  boiling  95  per  cent  alcohol.  The  latter 
extract  was  filtered  and  evaporated  to  a  volume  of  25  c.  c,  covered, 
and  left  to  stand  at  room  temperature.  Considerable  amorphous 
oi^nic  matter  separated,  but  at  the  end  of  two  weeks  no  substance  of 
a  crystalline  character  could  be  demonstrated.  The  fluid  wan  per- 
mitted gi-adually  to  evaporate  to  dryness,  and  was  examined  from 
time  to  time.  The  residue  was  found  to  consist  largely  of  inorganic 
matter.  A  few  crystals  were  noted  resembling  urea,  but  the  amount 
was  too  small  to  pennit  of  identification.  Hippuric  acid,  if  present, 
would  seem  to  be  in  inappreciable  amounts.  Creatinin  was  looked  for 
in  this  residue,  but  no  crj'stals  cocforming  to  the  crystalline  character 
of  that  body  were  recognized.  The  residue  waa  redissolved  in  25  c.  c. 
of  95  per  cent  alcohol,  5  c.  c.  of  10  per  cent  ZnCl,  solution  added,  and 
the  fluid  being  covered  was  loft  to  stand  for  the  possible  formation  of 
creatinin  ZnClj  crystals.  After  standing  for  a  space  of  four  weeks  it 
was  examined  microscopically,  but  no  crystals  were  detected. 

The  material  which  had  separated  f  I'om  tlie  aqueous  extract  was  now 
submitted  to  an  examination.  It  contained  a  large  proportion  of  inor- 
ganic matter,  and  the  organic  fraction  seemed  to  be  largely  composed 
of  uric  acid  or  urates.  Extraction  was  performed  with  100  c.  c.  of  95 
per  cent  alcohol,  and  the  filtrate  having  evaporated  to  35  c.  c.  was 
allowed  to  concentrate  spontaneously  to  dryness.  The  residue  waa 
found  to  consist  mostly  of  inorganic  matter  and  contained  a  few  hex- 
E^onal  crystals  not  of  the  appearance  of  hippuric  acid.  The  quantity 
was  insufficient  for  identification. 

Another  plan  was  executed  as  follows:  The  aqueous  extract  of  60 
grams  of  excrement  prepared  as  described  above  was  concentrated  to 
a  volume  of  200  c.  c.  and  allowed  to  cool.  Filtration  was  then  con- 
ducted and  the  filtrate  nlightly  acidified  with  sulphuric  acid.  This 
extract  was  repeatedly  shaken  with  acetic  ether  and  the  combined 
extracts  distilled  to  a  small  volume  and  permitted  to  evaporate  to  dry- 
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nosB  at  room  temperature.  The  residue  obtaioed  was  of  slight  amount 
and  was  found  to  be  entirely  amorphous.  The  material  was  redis- 
uolved  in  25  c.  c.  of  at-etic  ether  and  the  solution  permitted  to  concen- 
trate to  dryness  in  a  refrigerator.  Despite  this  very  gi-adual  evapo- 
ration the  same  result  was  obtained. 

In  carrying  out  a  further  experiment  50  grams  of  the  dry  and  tinely 
divided  excrement  were  plaeed  in  a  paper  coil  and  subjected  to  con- 
stant extraction  with  hot  95  per  cent  alcohol  under  a  reflex  condenser. 
This  process  was  continued  until  no  additional  pigment  was  removed 
from  the  material.  The  extract  was  then  concentrated  to  the  condition 
of  a  thick  sirupy  liquid  and  until  no  further  odor  of  alcohol  could  be 
appreciated.  The  residue  was  now  twice  extracted  with  boiling  ether 
for  the  removal  of  fat.  The  ether-extracted  material  was  covered 
with  60  c.  c.  of  95  per  cent  alcohol  and  warmed.  It  was  filtered,  sul- 
phuric acid  was  added  to  very  slight  excess  and  the  fluid  was  left  to 
concentrate  gradually  at  room  temperature.  A  separation  of  amor- 
phous material  appeared,  which  increased  with  the  decrease  in  volume. 
The  separated  substance  was  repeatedly  examined  for  crystalline 
material,  but  with  negative  resultjs.  The  dry  residue  was  treated  with 
three  successive  25  c.  c.  portions  of  acetic  ether.  These  combined 
extracts  were  distilled  to  a  volume  of  25  c.  c.  and  the  residual  fluid 
left  to  evaporate.  The  slight  amount  of  residue  obtained  failed  to 
show  any  crystals  of  hippuric  acid.  Hence  our  examinations  confirm 
the  statements  of  Jaff4  and  Bongers,  that  the  excrement  of  the  fowl 
contains  no  hippuric  acid. 

Omithuric  add. — Jaff*5's  method,  a  little  modified,  was  applied  to 
several  50-gram  samples  of  the  grain  excrement,  as  follows:  Constant 
extraction  with  hot  95  per  cent  alcohol  was  carried  out  in  a  paper  coil 
for  five  hours.  The  alcohol  was  distilled  from  the  extract  and  fat 
removed  from  the  residue  by  means  of  ether.  Tlic  next  procedure 
consisted  in  extractii^  the  residue  with  100  c.  c,  of  boiling  absolute 
alcohol,  a  small  fraction  of  the  material  resisting  solution.  This  wad 
collected  on  a  small  filter,  the  filtrate  placed  on  the  steam  bath,  and 
the  alcohol  driven  oflf.  The  residual  material  was  stirred  in  50  c,  c. 
of  water  and  slightly  acidified  with  sulphuric  acid.  Extmction  with 
three  successive  50  c.  c.  portions  of  ether  was  performed  and  the  com- 
bined extracts  distilled  to  small  volume.  On  gradual  evaporation  of 
the  residual  ether  there  remained  behind  an  amorphous  residue  in 
small  quantity.  Jafiffi  noted  omithuric  acid  in  such  an  ethereal 
extract.  The  fluid  exhausted  by  ether  was  covered  and  left  to  stand 
in  a  refrigerator  for  the  possible  deposition  of  ornithurie  acid.  After 
an  interval  of  six  weeks  microscopic  examination  failed  to  reveal  the 
presence  of  any  crystalline  material.  Two  weeks  later  a  few  needle- 
like crj'stals  were  noted,  but  the  quantity  was  too  slight  to  permit  of 
purification  or  the  application  of  any  tests.     Two  weeks  later  still,  the 
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amount  was  luicltanged.  Several  cxapitnatious  of  the  character  just 
recorded  gave  uniformly  negative  reaulta.  Ornithuric  acid  appears 
to  be  excreted  only  after  a  diet  containing  certain  benzoyl  compounds. 

Bemoic  acUl. — During  the  course  of  the  examination  of  a  large 
quantity  of  ether  extract  from  the  excrement,  an  odor  strongly  sug- 
gesting the  oil  of  bitter  kimonds  wa.s  noted.  The  odor,  however,  dis- 
appeared on  standing  over  night.  No  benzoic  acid  could  be  demon- 
strated in  the  ether  extract.  Fifty  grams  of  finely  ground  excrement 
were  covered  with  300  c.  c.  of  water,  acidified  slightly  with  hydro- 
chloric acid.  Distillation  with  steam  was  now  undertaken  until 
200  o.  0.  of  fluid  had  passed  over.  The  distillate  presented  a  film  of 
fatty-like  material  on  the  surface,  in  all  probability  fatty  acid.  The 
solution  was  shaken  several  times  with  ether  and  the  combined 
extnu't<i  evaporated  to  dryness  at  ordinary  temperature.  The  slight 
residue  obtained  displayed  no  evidence  of  benzoic  acid. 

Creatmi)!. — Reference  \b  made  on  page  82  to  a  negative  attempt  to 
demonstrate  the  presence  of  creatinin.  Another  procedure  was  car- 
ried out.  Fifty  grams  of  material  were  continuously  extracted  with 
hot  !)5  per  cent  alcohol  for  five  hours.  The  extract  having  been  heated 
over  the  steam  bath  to  remove  the  alcohol,  the  residue  was  treated 
with  ether  to  remove  fat,  and  the  ethereal  extract  was  filtered  off. 
The  residue  remained  largely  insoluble  on  being  rubbed  up  in  50  c.  c. 
of  lK>iling  water.  Filtration  was  conducted  and  one-half  cubic  cen- 
timeter of  an  acid-free  30  per  cent  solution  of  ZnCl,  was  added  to  the 
clear  filtrate.  The  preparation  was  examined  from  time  to  time  for 
the  possible  formation  of  crystals  of  creatinin  zinc  chloride.  After 
standing  in  the  refrigerator  for  a  period  of  two  months  there  was 
no  indication  of  a  crystalline  fomiation,  although  a  small  amount  of 
amorphous  material  had  precipitated.  Two  further  examinations  with 
50-grani  samples  of  grain  excrement  were  carried  out,  using  the  same 
method,  but  no  evidence  of  the  presence  of  creatinin  could  be  obtained 
witli  the  amounts  of  material  employed.  If  present,  its  content  must 
be  extremely  small. 

AUantoiii. — In  view  of  a  number  of  con.sideration8  the  presence  of 
alkntoin  in  the  urine  of  the  bird  would  not  seem  unexpected.  Thus, 
there  is  a  close  chemical  relationship  between  this  body  and  uric  acid, 
for  the  oxidation  of  uric  acid  with  potassium  permanganate  under 
appropriate  conditions  leads  to  the  production  of  allantoin.  Then  the 
appearance  of  allantoin  in  the  urine  of  the  dog  or  cat  is  associated 
with  conditions  of  diet  when  the  output  of  uric  acid  is  greatly  aug- 
mented. Thus  Minkowski "  demonsti-atcd  a  ready  production  of 
alkntoin  in  dojfs  on  feeding  thymus  gland,  which  enormously  increases 
uric  acid  elimination,  and  Sdkowski""  reported  a  similar  ol>»ervation 
on  administ<n-ing  large  amounts  of  jwiicrea*!.  The  writer  "*  found  that 
similar  results  hold  true  for  the  cat.     The  ingestion  of  uric  acid  as 
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such  led  to  a  pronounced  excretion  of  allantoin  in  both  theae  clauses 
of  unimaltj.  These  observation's,  taken  collectively,  strongly  point  to 
the  conclusion  that  allantoin  repre»ent<<  an  intermediato  utage  in  the 
physiological  oxidation  of  uric  acid  to  urea. 

Allantoin  is  readily  soluble  in  hot  95  per  cent  alcohol,  but  less  so  in 
absolute  alcohol.  In  ether  it  is  practically  insoluble.  It  gradually 
separates  in  characteristic  crystalline  form  from  an  alcohol  .solution 
on  standing.  Hot  water  dissolves  it  readily,  cold  water  with  diffi- 
culty. In  view  of  its  solubility  in  hot  alcohol  the  writer  looked  for  the 
separation  of  this  body  from  the  alcoholic  extracts  of  the  grain  excre- 
ment prepared  in  connection  with  the  examination  for  hippuric  acid 
and  creatinin,  but  under  those  circumstances  was  unable  to  detect  it. 
A  further  endeavor  wa^  made  to  locate  this  substance.  Two  samples 
of  excrement,  weighing  50  grams  each,  were  rendered  fat-free  in  a  con- 
tinuous extraction  apparatus.  The  two  lots  of  material  were  then 
submitted  to  constant  extraction  with  hot  9.5  per  cent  alcohol  for 
five  hours.  The  two  alcoholic  extracts  were  united,  distilled  until 
reduced  to  a  volume  of  about  100  c.  c,  and  then  exposed  to  the  air  to 
provide  for  gradual  evaporation.  A  precipitation  of  amorphous  mate- 
rial occurred,  but  no  crystalline  substance  could  be  detected.  The 
residue  was  extrmited  with  absolute  alcohol,  the  insoluble  portion  fil- 
tered off,  and  the  clear  Eltratc  left  to  stand.  The  gradual  separation 
of  amorphous  matter  again  occurred,  and  frequent  microscopic  exami- 
nations failed  to  reveal  the  presence  of  any  crystalline  sei>aration.  The 
dry  residue  in  all  probability  contains  urea  crystals,  and  it  is  pos.'sible 
that  the  large  quantity  of  dark  amorphous  material  present  would 
obscure  the  appeai-ance  of  a  small  quantity.  This  residue  wius  extracted 
with  petroleum  ether,  and,  on  evaporation  of  the  reagent,  a  few  long 
needle-like  crystals  were  deposited.  The  quantity  was  not  snfiiriently 
largo  to  establish  their  identity.  In  view  of  these  apjwrcntly  negative 
results  it  would  be  of  interest  to  inquire  regarding  the  possible  pro- 
duction of  allantoin  after  feeding  nucleln-rich  foods  to  fowls. 

Kymiretiie  acid.  — The  writer  also  considered  the  pos.'fibility  of  kynu- 
renic  acid  excretion  by  fowls.  Among  mammals  this  substance  seems 
to  be  limited  to  the  urine  of  dogs,  and  is  closely  associated  with  the 
metabolism  of  protcid  matter."  It  is  of  additional  interest  from  the 
fact  that,  aside  from  a  certain  constituent  of  the  urine  of  the  skunk, 
it  is  the  only  quinoline  derivative  reported  as  normally  found  in  the 
urine  of  mammals.  It  appeared  of  interest  to  a.scertain  whether  birds 
excrete  this  substance.  VVitli  this  end  in  view  the  following  procedure 
was  carried  out:  Fifty  grams  of  the  ground  grain  excrement  were 
extracted  with  400  c,  c.  of  cold  water.  The  aqueous  infusion  was 
filtered,  evaporated  to  a  volume  of  about  UM>  c.  c,  permitted  to  cool, 
and  repeatedly  filtered  until  clear.  Jaffa's  bromine  test  was  rciM^atodly 
applied,  but  no  bromine  precipitate  resulted.     Search  was  also  made 
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for  this  body  by  the  use  of  Capaldi'a'"  method.  Twenty-five  grams 
of  the  mut^irial  were  thoroup^hly  stirred  with  30<>  c.  c.  of  50  per  cent 
ammunia.  The  filtered  ainDioniaual  extract  wat^  treated  with  sufficient 
barium  chloride  to  make  the  solution  of  10  per  cent  strcn^h.  The 
mixture  was  filtered  and  the  filtrate  made  acid  with  hydrochloric  acid. 
Kyiiurenic  acid,  if  present,  should  be  deposited  after  standing  from 
sixteen  to  twenty-four  hours.  A  mere  trace  of  amoi'phous  material 
separated,  and  no  change  ensued  on  standing  for  a  period  of  two  weeks. 
This  result  was  confirmed  by  a  second  trial,  when  a  larger  amount  of 
excrement  was  employed.  Kynurenic  acid,  then,  would  seem  to  be 
absent  from  the  excrement. 

Cholenter in-like  materia}.— \r\  the  endeavor  to  demonstrate  the  pres- 
ence of  cholesterin-like  material  in  the  excrement,  the  ether  extract 
of  50  gramK  of  finely  divided  dung  from  the  grain  experiment  was 
transferred  to  a  small  beaker  and  carefully  saponified  over  the  water 
bath  with  an  alcoholic  potash  solution.  The  alcohol  was  gradually 
driven  off  and  the  residue  taken  up  with  150  c.  c.  of  water.  The  solu- 
tion was  transferred  to  a  separatory  funnel  and  thon>ughIy  shaken 
with  ether,  a  few  drops  of  alcohol  being  added  to  facilitate  the  sepa- 
ration of  the  ether.  This  ethereal  extraction  was  twice  repeated  and 
the  combined  extmcts  distilled  until  reduced  to  a  volume  of  25  c.  c. 
Evaporation  to  dryness  was  then  allowed  to  proceed  in  a  refrigerator. 
A  large  crop  of  crystals  was  obtained,  which,  on  microscopic  examina- 
tion, proved  to  Iks  largely  made  up  of  flat,  six-sided  plates.  No  crys- 
tals of  the  notched  appearance  so  characteristic  of  true  cholcsterin 
were  noted.  A  few  clusters  of  delicate  needles  were  also  scattered 
about.  The  material  was  then  dissolved  in  absolute  alcohol  and  the 
suljstance  recrystallized  from  this  medium.  The  crystjils  in  this  case 
prcsisnted  the  same  general  appearance  as  in  the  ethereal  residue.  The  " 
reaction  of  Salkowski  was  now  applied  and  a  positive  result  obtained. 
The  two  forms  of  crystals  observed  in  the  ether  extract  of  the  saponi- 
fication mixture  suggest  the  presence  of  different  types  of  cholesterin. 

The  excrement  from  pure  meat  feeding  was  also  examined  for 
cholesterin-like  material.  One  hundred  grams  of  finely  chopped 
ground  substance  were  extracted  with  cold  ether,  the  ethereal  extract 
distilled  off,  the  residue  saponified  and  treated  as  described  above  for 
the  grain  excrement.  A  considerable  quantity  of  crystalline  material 
was  obtained,  which  was  twice  purified.  The  crystals  presented  the 
appearance  of  minute  six-sided  plates,  but  none  of  needle-shaped  form 
could  be  detected.  The  Salkowski  test  was  readily  obtained.  By 
analogy  from  its  presence  in  mammals  this  cholesterin-like  substance 
is  probably  derived  from  the  bile.  The  corresponding  material 
obtained  from  the  grain  excrement  is  presumably  to  be  ascribed  to 
the  food  and  bile,  as  corn  and  oats  contain  a  form  of  cholesterin 
which  is  designated  as  phytosterin.  The  quantitative  estimation  of 
the  cholesterio  of  the  excrement  is  desirabie  with  a  view  to  its  cor- 
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rective  application  in  the  (Icbrnii  nation  of  fat,  a  matter  which  Tve 
have  referred  to  on  page  41. 

An  ainorphnm  organic  alcohol-mluhln  suhntance. — It  was  olwerved 
that  the  alcoholic  extracts  of  the  excrement  contained  a  large  amount 
of  amorphous  material.  The  great  bulk  of  it  separated  in  the  foi-m 
of  minute  globules  seemingly  of  uniform  appearance.  A  sufficient 
quantity  for  manipulation  was  collected  and  examined.  It  dissolved 
readily  in  the  alkali  hydrates  and  ammonia,  from  which  solutions  it 
was  precipitated  in  flocculent  condition  by  mineral  or  acetic  acids. 
It  appeared  to  be  insoluble  in  ether,  benzol,  chloroform,  and  water. 
The  addition  of  water  or  ether  to  the  alcoholic  solution  precipitated 
the  substance  in  finely  divided  condition.  Absolute  alcohol  takes  it 
into  solution,  but  much  less  readily  than  the  same  reagent  of  <J5  per 
cent  strength.  The  material  is  not  hygroscopic,  but  dries  readily  in 
the  open  air  and  ma^'  be  ground  to  a  powder.  It  holds  it^  pigment 
tenaciously  and  we  have  found  no  means  as  yet  to  remove  a  sufficient 
amount  of  it.'  Animal  charcoal  pi-oved  ineffective,  and  ether,  tienzol, 
and  chloroform  were  unavailing.  Purification  of  tfie  material  was 
attempted  by  repeated  solution  in  ammonia,  filtration  and  precipitation 
by  the  addition  of  hydrochloric  acid.  An  analysis  for  nitrogen  yielded 
a  content  of  10.41  per  cent.  None  of  the  proteid  color  tests  could 
be  applied  to  the  substance,  owing  to  the  large  amount  of  associated 
pigment.  The  fact  of  the  solubility  of  the  material  in  alcohol  excludes 
it  from  the  class  of  albumins,  globulins,  or  nucleins.  It  coiTesponds 
most  closely  to  the  class  of  proteid  bodies  found  in  corn  and  oats 
known  as  the  zeins. 

Chittenden  and  Osborn"  report  this  body  a.s  soluble  in  alcohol  of 
61  to  91  percent  strength  and  containing  16.13  per  cent  nitrogen. 
While  the  content  of  nitrogen  is  much  lower  in  the  writer's  propam- 
tion,  it  must  be  remembered  that  it  is  much  more  difficult  to  obtain 
the  pure  material  from  the  excrement  than  from  the  grain,  and  some 
chemical  changes  may  have  occurred  in  its  passage  through  the  alimen- 
tary tract. 

Itshould  be  noted  in  this  connection  that  Szumowski*^  has  recently 
made  some  additional  observations  on  the  chemico-physiologitml  proper- 
ties of  zein.  He  claims  that  the  substance  is  insoluble  in  absolute 
alcohol,  whereas  the  preparation  described  by  us  is  quite  soluble  in 
this  reagent.  Associated  impurity  or  chemical  change  in  digestion 
may  be  partially  accountable  for  this  difference. 

We  have  referred  at  a  former  place  to  his  studies  relative  to  the 
peptic  and  tryptic  digestion  of  zein.  We  have  applied  digestion  tests 
to  this  alcohol -soluble  body.  One-half  gram  of  the  subsfjince  was 
treated  with  50  c.  c.  of  0.2  per  cent  HCl  containing  1  per  cent  of 
active  Merck  pepsin.  At  the  end  of  a  digestion  period  of  forty -eight 
hours  at  3S"  to  40^  C.  the  amount  of  insoluble  material  seemed  un- 
changed.    A  slight  quantity  of  pigment  had  entered  solution.     The 
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filtrate  from  this  fluid  was  treated  with  an  equal  volume  of  95  per 
cent  alcohol.  A  small  amount  of  precipitate  resulted,  which  was  fil- 
tered off  and  tested  with  Millon's  reagent  witli  a  positive  result  This 
maj'  lie  nttriboted,  at  least  in  part,  to  the  trace  of  proteid  associated 
with  the  pt'psin  preparation.  The  digestion  was  continued  for  one 
week  with  apparently  little  or  no  change  in  the  quantity  of  the  substance 
being  iwtt'd  upon.  The  filtrate  was  treated  with  95  per  cent  alcohol  as 
before,  with  a  resultant  precipitate  rather  lai^r  than  observed  for 
the  first  digestion  fluid.  It  rcs|K>nded  to  both  the  biuret  and  Millon's 
tests.  It  is  planned  to  further  examine  this  substance  in  the  near 
future. 

Further  experiments  on  thedigestibitity  of  poultry  foodstuffs  are  now 
in  progress. 

BUMMARY. 

The  provisional  conclusions  ari'ived  at  by  these  experiments  may  be 
presented  as  follows,  it  being  recalled  that  but  one  experiment  was 
completed  with  wheat : 

(1)  Corn,  oats,  and  wheat  show  marked  differences  in  the  digesti- 
bility of  several  of  their  respective  nutrients. 

(a)  The  crude  proteid  and  nitrogen-free. extract  are  assimilated  in 
much  greater  proportion  in  corn  than  in  oats.  The  digestion  coefficient 
for  the  crude  proteid  of  wheat  is  intermediate  in  value  between  the 
average  results  for  these  two  grains. 

(3)  The  availability  of  the  crude  fat  of  corn  is  slightly  greater  thau 
that  of  out.s. 

{■i)  Tlie  digestibility  of  the  crude  fat  of  wheat  is  conspicuously  less 
than  that  of  corn  and  oats;  this  fact  may  at  least  in  part  account  for 
the  untoward  i-psuits  of  a  sole  wheat  diet. 

(.'))  Chickens  consume  a  much  greater  tjuantity  of  corn  than  oats — 
an  imiKirtnnt  fact  to  he  kept  in  mind  in  a  comparison  of  the  digestion 
coefficients  of  the  two  grains. 

(6)  The  nutritive  superiority  of  corn  over  oats  is  indicated  by  the 
body  weight.  An  increase  is  manifested  under  the  use  of  corn  while 
a  tendency  iu  the  opposite  direction  is  seen  with  oats. 

(7)  The  nutrients  of  com  are  fed  at  a  lower  cost  than  those  of  oata 
and  wheat.  The  last-named  grain  is  the- most  costly  of  the  three 
foods.  This  conclusion  is  based  on  the  actual  availability  of  the 
various  nutrientjj  of  the  grains. 

(8)  Regarding  the  applioAtion  of  these  grains  in  mixed  dietAries  the 
following  suggestions  arc  offered:  Corn  may  be  included  for  the  main 
nutrients,  that  is,  crude  proteid,  nitrogen-free  extract,  and  ether 
extract.  Oats  may  be  utilized  for  the  crude  pi-oteid  and  ether  extract. 
Wheat  maj-  be  employed  for  the  cnido  proteid  and  nitrogen-free 
extract,  liut  adequate  provision  must  Ih!  made  for  the  deficient  yield  of 
this  grain  iu  fat. 
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(9)  The  proteid  and  fat  of  beef  show  high  coefficients  of  digesti- 
bility, the  former  in  considerably  higher,  the  tatter  but  slightly  less 
than  the  corresponding  nutrients  in  corn. 


Tabli  I. —  jentTfdteheme  of  the  experimentt. 


'""I^^'^'S^.'"^ 

TottLlr- 

Total 

Total 

DuratJoD  ot  ex- 
periment. 

"^"^     W«i«M. 

•sa' 

miry 
period. 

Collee- 

^^^ 

iw.at 

77.  W 

70.25 
3W.89 

246. « 
168.  S2 
157. 3S 
189.05 

142.  W 

m 
fan 

720 
563 
1,056 

m 

663 

616 
339 
402 
722 
26S 
205 

8.60 
(») 
C) 
28. 0> 

31.92 

81.60 
(") 
61.  BS 
27.44 

None. 

None. 

nay^ 

137. 3S 
4B1.S2 
77S,S8 

688.62 

612.71 
»a7.42 
SD6.2Q 
«M.S, 

RM.TO 

_ 

(Mm... 

TabijE  II, — Daily  contampHon  of/ood  and  ti 


ii^ghl  of  ejreremml,  nnd  body  irrighl. 


Corn,  rhlcken  At. 

(Dumtlon.  Nov.  n-Uce, 

4,  liic'lustvc.) 

Com,  chicken  B<. 
(Duration,  Wee.  19-24,  In- 
clusive.} 

i 

(Dun 

uni.  chleleti  Ci. 
illon.IX-c,  21-26,  In- 

1 

< 

5i 

1 

ll 

1% 

t 

t 
1 

1.^ 
ll 

:3 

1 

i 

101 
126 

123 
66 

am,. 

19,7 

'■« 

U„.oz. 

3      « 
3      81 

8      91 
8      9) 

Umi. 

72.3 
69,9 
70,7 
76.0 

<».. 

3    1 

ffm*. 

Gnu.'  c.c. 

20.6  [      40 

12.7  1      04 

Lbi.oi. 

Second  dBT 

IB  2  '      82 

8    141 

lo!5 

66 
62 

18  8  '        7B 

\b 

26.4 

15.5 

11.2 

67- 
02 

3    141 
3    14( 

Setenthdny 

99      3    12i 
82      3    12 
80      S    121 
65      3    13 
00      3    13i 

Ninth  dai 

TwelfUidar 

Thirteenth  d»y.... 

yU  BUREAU   OF   AMIMAL   INDUSTRY. 

Table  II. ^Dnili/  roimmijitiun  qffoml  and  loaler,  weight  of  trcrement,  etc — Continued. 


Com,  chlcktr 

D. 

21 -a*, 

Corn,  rhlpken  O.        1       Whe«l.  chicken  A*. 
(UurBIiun.Julyl&-3S,ln-  .  (Dantlon.  Jan.  e-13,  Id- 

elualve.)              i              cluelTe.) 

ll'lf 

°i 
31 

fO 

so 

78 
81 

S 

I 

h 
11 

il 

1 

87 

« 
67 

1 

Uh.oz. 

■I  m 

2    IS 
S    13 

a  121 

2    12( 
2    121 

1. 
1 

il 

f 
1 

99.  B     lS.ti 

im.  1  .  122.3 

951.4    17.7 
lOO.S     18,8 

99.9  !  18,0 
100.3     19.9 

99.ft  1  20.9 

4    3 

48.8  !    7.S 

i  ^; 

49.2  1    8.9 

49.4      «.6 
50.0  '    g-2 

se.1 

56.1 
W.8 
SO-l 

W.6 

12-8 
17.6 

U.B 
11.2 

102 
97 

82 
76 

IM-ot. 

3    91 

Fourth  dlv 

3 

Fifth  day 

Sixth  dny 

Seventh  day 

Eighth  dny 

8    Bl 

S  H 

3    81 

1 

Oh  Is.  chli'kcn  A". 
(Diimllun.  I)ec.l7-27,ln- 

,D„S££&S.,.. 

OstB,  chleken  C 
(Duration.  Jan.  19-26,  In- 

li'l 

i   i  i 

h 

1 

g 

* 

1 

S 

t 

1 

5 

1 
1 

,W.O  '  -23.6 
tl.O     21.1 

TH.S    w.a 
fiO.alTO.7 

c...  \a..^. 

Unu.  1  Omt. 

09 
62 

S    10 
3     lOi 

3      9 
8      SI 

42.2 
43.6 

43.  C 
46.2 

45.1 

18.6 
23.0 

22.7 

63 

«6 
SO 

Il>t.ia. 

SuroiKlilay 

78      3    10    «!x|lM> 
K       3    101    40,7  ^9,7 

rth  d' 

Kevtnthrlny 

3    6i 

* 

101       3      91 

107      3     9, 

1 

1 

*' 
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DIGESTION    EXPEEIMEKTS   WITH    POULTBY. 
Table  II. — Daily  amnumpliim  of  fiiod  nnd  lailrr,  ireighl  of  r.rrranfnt,  ct 


91 

— Oontinned. 


Oat-,  chicken 
{DunHlon^Bii.  1 

-12.  Ill- 

Oau.  chicken  K. 

(I>unitlon,  Mnr.  4-11,  In- 

elufllve.) 

Dnn. 

sC,  vhii-ket 

ion    Unr.  4- 

cliudvc.) 

11,  iif 

III! 

i 

1 

h 

|i 

21.0 

1 

1-'s   li  i  ^ 

5°  ^^  ^  1 1 

Onu.   Anu. 

lis 

3    S 

Gvu. 
W.1 

IJh.o:. 

Omi.   (Trail. 

53 

/-6-.K. 
2    31 
2    8| 
2    8) 

.!». 

I  ;,l™ai„s 

28.B 

M.5 

29.8 
St.  8 

30.8 

!    61 
3    61 

32.5     1S.4 
ai.S     12.  S 
W.«  ;  12.1 
29.«!l2.2 
22.9    lao 

Ij 

«.5 

49  1       2    2t 

KCTi^nthdny 

40 

2    1 

tea 

OaU,  chicken  A'. 

(Dumtlon,  D«c.  29-Jan. 

5,  Inclusive.) 

out.  chleki-n  H. 

1 
5 

1" 

s- 
s 

i 

1. 
1 

8. 
ll 

1 

aim. 

2S.2 

so 

8    SI 
8    -li 

3    1. 

8    7. 

<lm. 

3S.K 
39.4 

1" 

61 

Ad 

5U 

3    SI 

Sfooad  d»T 

M.1     28.B 
M.2    S1.7 

M.^     21.0 

4H.9    ae.7 

3    21 

a  1 

^ 

1 

1 

-;.M,in. 

Beef,  chicken  U. 
(Doralion,  Apr.  16-20,  In- 

<Dui- 

^S 

1 

1 

8.m|      42 
8.0        4S 

1 
t 

1 

l| 

1 

3.7 
9.0 

1 

Ovu. 
15 

3    41       26 

8    S        25 
8    51       25 

Lb,,  re. 

26 
15 

ntthaay 

3    51 

vioogle 


BUBGAU    OF    ANIMAL    INDUSTRY. 
Table  l]].—(iimp(mti<moftheJood. 


Samplo  1. 

SsroplPi. 

1      "•"■      1 

■  Ktmpli-I.     Siinirl<.-i  ' 

i    '^^^ 

».5»              S.29 

ii.M          lioa 

B  'i 

M,«|           37-OS 

fti-«nt      Prrmtl. 

„        flw                            !     ■    i  M 

■m.Ti 

S.90 

Ash 1            1.32 

.,»         s... 

'            -i  I' 

1 

!.«,         11.7 

1 

;; 

m                                ^ 

WATERFREK. 

a,  99, 

CrvwU- pmlcld 

J        n.^ 

'"■«' 

W.21 
40.  .19 

i.se 
2.  cm 

10.73 

3.91 

»..27 

'  HI 

S.H9 
1.70 

RU 

' 

ToUl  nllniKuii 

a-fi. 

1 

1                        1 

III  tlic  prviM.ll  muit  (ill  wwi  fiM-ti  |H-r  it' 
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UIOESTHIN    EXPEEIMEHTS    WITH   POULTEY. 
Table  IV'. — Ihmponiiiim  of  the  exneiiietit  {nir-dried) , 


Chickwi 

(;tiii-ken 

Cum. 
Chicken 

4,70 
7.fi2 
4.72 

4.10 

47.07 
14,17 

Com.    1     Com.    i  Wheal.  1     (>aU.     1     Oaix. 
Chicken    Chicken    ChU-ken    Chicken    <?hlcltt-n 

4.01 

.96 
4.79 

10.47 

10.  m 

7.40 

a.  70 

S.7S 
4.60 

S.89 
9.  a) 
14.46 
46.  M 

I-rrrrnl.    Itrccnl. 
6.02  1         7.09 

2.7X             3.S9 

IE  I  li 

'^™^-|'^-^|'-^-^ 

Uric  acid  nitrogen.. 

Crude  pruteld 

Bther  extract 

3  'i 

3.6Hi         1.76 
11.28  I        :(k92 

1.M 

.4!t 

l.tiO 

N.-Iree  eilmet 

11.0ft 

41,  «C 

34.67 

41, !« 

35,76 

13,61 
1,26 

Ammonln 

ii«    "i 

.79               .64 

ToIalBlO. 

7  HI            '  2Z 

1    Oi.(».  ■  1    o«w. 

!  Chicken    Chicken 
1       B".             C». 

IMta. 

Chicken 

Chicken 

OatB,         Oal& 
Chicken   Chicken 

Ueat. 
Chicken 

Meat. 
Chicken 

liTCmt. 
3.24 

3.  S3 

2,« 
.65 

3,  IB 
20.09 

2.81 

2.06 

lirml. 

Total  iiltr<«cn 

rrlc  acid  nitrogen.. 

■■BedduaVnonpro- 

2.26 '      z-a 

.66             .M 

3.  S3 
.72 

1,01 

2.40 

Crude  proU'id 

Ether  oitiact 

I'fi 

2.  IS 
42.77 

1.33 

33.22 
32.13 

.AT 

1,(U 
20.60 

37,31 

■i.10 

'iZ 

",.i 

M.6f, 

41.60 

26. 7B 
10.00 

S9,l» 

6.79 
,W 
4.09 

ai,5? 

ia36         66.91 

1 

2  91 
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94  BUBEAU    OF   ANIMAL   INDUSTRY. 

Table  V. — (hinjimUion  oflhe  excremntt  [I!,0  and  nUcu-free). 


»5f.,.c.«.„ 

CWc™eli  ,  Chillken 
C.       1        D. 

<SS„ 

c"hK„ 

OaU         0«l». 
Chicktn  ,  Chicken 

Total  nitrogen 

Urti-Hol.liiltn«en.. 
Aminonin  nllroRon. 

Crude  proli'Iil 

Ether  eilrwt 

FereetU. 
8.80 
11.25 

12.10 

8.02 

m.K 

22.20 
11.11 
1.26 

fi.a9 

1.17 
S.83 
1.39 
10.40 

1.25  i         1.12 
12.28  1         7.59 
4.56           4.29 

6.«« 
14.79 

46.11 

iVrienl. 
6.93 
1.23 

.74 

4.05 
12.72 
18.04 
38.27 

ftr  cent,    l-cr  f«K. 

2.21             2.43 

.66,           .rA 
9.61  1           7,07 
2.20               2.1fi 

52.25 

48.93 

5.68             a56 

N.-(rec  eitrnct 

52.45]         4S.2D 

1.42 

IB.  73           9.95 

U.«« 

12.70 

i 

ChSSin 

OaH.     I    Onts. 
Chicken    Chifken 

Per  ceal.  '  Per  eaU. 

1 

E. 

OBtS. 

Per  eml. 
fl.09 
3.66 

OBtt. 

Meat. 

oSS. 

Total  nltroBcn 

Uric  acid  nilroftcn.. 
AmmoniH  nitrogen . 
■■KcsHlunr'nonpro- 

6.23 
.76 

J'erreul. 

PereaU. 

3.86 

1.13 

Z7.20 
2.41 

17.91 

PerenL 

Cndcprotcld 

Ether  eitrwt 

27.20 
45.38 

sa.20 
9.oe 

.91 

8.2B  !         6.CT 

21.51  '    ,    26.65 
8.GG  i         CM 
50.41  '       47.0S 
29.75  1       30.83 

26.02 

47,38 
30.  W 

10.23 

25.69 

46.71 

59.39 

10.99 

.95 

11.68 
21.10 
43.89 

16.39 
1.45 

9.^ 

8.85 

1.37 

292 

Table  VI.— M^sdwi  ej-jierim. 


CHICKKN  AI.-CORN. 

CHICKEN  B 

.-CORN. 

Income.  OulRO, 

A«.inii 

iiKtn- 

Income 

''"o^-ImIz': 

CnclB. 

otent. 

Cmmi.  :  OnmA. 

Ornnu. 

Oro™. 

Gram.. 

Orgnnicmntter.. 

1,130.30     144.30 

9m;.oo 

tn.-a  ,  Orpinlc  maltcr  . 

382.05 

52.18 

329.92 

86.34 

Crm!eprol*iiI... 

126.  no  '    20.46 

86.63 

Elher extract  ... 

66.61  1      9.45 

67.19 

8,'.-l*J  r  Ether eitniot... 

22.63 

S.02 

19.51 

86.  S9 

Crude  tfber 

26.  M      22.02 

1.61 

17.00  1  Crude  flbcr 

7.15 

1.81 

20.19 

Nitrogen-free  es- 

: 

II  Nltrogen-Irec 

69.23  1     40.39 

817.96 

307.70 

36.21 

271.19 

Pentosan- 

41.66 

l'ento«n- 

itlon  of  experiment dnys.. 

Wnter  eonsnmpd giama.. 

linwelKht oimc«.. 


Riitloll.p  to  dry  matter.. 


ruphit  retotil  of  digenUon  ooeSloienC 


DIGESTION    EXPERIMENTS   WITH   POULTRY. 
Table  VI. — DigettUm  experimenU  tinih  cum — Continofd. 

CHICK  ES  D.— CORN. 


Orfnnlc  nuittef.. 
Cruile  proteld  . . , 

Cnide  fiber 

Hltrosen-treeex- 


Penlomti .. 


429, Gl 

■18.M 
2ft.  Bt 


Iramt.  Oramt, 


DunUon  ol  experiment dafi.  ■ 

Water  coiuuTned gnmu. . 

LoM  Id  Height oaiicin. . 

R&tio  HfO  to  <1t7  sutler 


CHICKEN  O.— CORN. 


Crude  protold ... 
NItrogeo-lrcc  I 


Dumllon  o(  eipcrtment 

Sum]  coiisunied 

Water  winmiined 

Qaiii  In  weight 

Ratio  H|0(udrrmitltcr 


PERIMENTB. 


OrSknlc  matter.. 
Crude  praield  .. 
Ether  eitmct .. 
Crude  fiber 

Nltnigen-tiecex- 

Penl06ani .. 


E9.2S 


naUDO  ol  experiment. .. 

Lter  consiimed 

ft  Id  wdgbt 
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96  BUREAU    OF   ANIMAL   INDUSTRY. 

Table  VII. — IHgetHim  fxiierinifnte  vHk  ontu,"  vhtiit,  attd  meal. 


CHICK KH  A 

.—OATS. 

CHICKEN  A 

.-OATS. 

ln«.me. 

Oulgii. 

AMlini 
lallon. 

Cwffl- 
cltnl. 

ineome. 

o..,. 

ar 

coim- 

eirov^. 

.Vraw. 

Grximt. 

OuranlemBlter.. 

211. 00 

62.31 

OrguilumHtter.,    373.48 

138.40 

240.08 

64. 2S 

Crude  proleld... 

76.  Zl 

Crudeprolfld...|      60.09 

S9,2S 

Etbcrextmcl.... 

2».n 

5.36 

24.  S6 

81.96 

Ethercilracl...       19.76 

8.4S 

16.27 

82.  S4 

Crude  flbet 

64.  W 

B7.67 

7-27 

11.19 

Crudeftbei 1      43.19 

40.39 

2.80 

Nltrogen-hvBcx- 

Nitrogen-true 

8i.S& 

ez.fi4 

22.81 

26.7-J 

Pento«n« 68.76 

47.8. 

8.87 

1&G3 

dai™.-           8 

Sand  ccinKumed 

....gnun,..         52.1 

0.1norlo« In  weight Nodb. 

LoHi  in  weight 

18.74 

Ratio  »..d  to  dry  m»tter. 

LOO.  742 

CHICKEN  m— OATS. 

'                         CHICKEN  C.-OAT9. 

loeom.. 

""W^-'faU™.' 

Cocffl- 

Income. 

Oolgo. 

i.'Sr-S^ 

Gram*. 

<?r..m.. 

ffromi. 

Oram,. 

aromt. 

OramJ 

OiBanlcm»lter.. 

32&.09 

Oisanic  matter  . 

180.221    80.28 

Crude  proteld... 

«&.29 

1S.X2 

18.47 

74.24 

Crude  proleid.. 

40,59 

11.86 

2R.74  ,    70.80 

Elhcr  extract.... 

&.:& 

lilher  extract... 

77.  IS 

Cnidefilwr 

66.  W 

.W.17 

5.45 

9.  SO 

Crude  m«:r 

84.58 

30.90 

8.68 

10.64 

Nitrogen-tree 

334. eo 

ra.io 

to.  62 
M.fi« 

2M.m 
18.  M 

74.  M 
J8,52 

Pi'nlosan- 

4.V4S 

42.73 

is5.m 

2.72 

5.98 

Suid  coiuumed gnma..           ai.A 

Water  congumed 

....gram...        HSS 

Water coniiumcd do....         SM  • 

Lorain  weight 

Gain  in  weight oancm..            0.25 

Ratio  H,01o dry  matter. 

1  to  0.648 

lUUoH^  to  dry  matter 1  to    O.Wl 

lb.  SI 

eoiwumed  wm>  u 

oei«fini 

ed.   • 

je  eharl  nl  back  of  buUeliii  fur  graphic  record  of  digeiillon  eoefflcleata. 
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DIGESTION   EXPERIMENTe   WITH   PODLTKT.  97 

T.^BLB  Vn. — Digation  experimertU  tmlh  onto,  wheat,  and  meo/— Continued. 


CHICKEN  C— OATS. 

or 

ICKEN  E.-OAK 

lacome. 

"■r..  jsr'sst"! 

1  Income.;  Outgo. 

'^^!: 

Coeffl- 

Orguifc  matter.. 
Crude  proteld... 

Ether  eitioct 

Crude  fiber 

Nllrogen-lree  ex- 

271.8! 

31.89 

188.70 

Qraml. ,  Oraim. 
88.43     182.89 
7.17      29.87 

28.BS  1      1.76 

ECM  '  138,13 

67.41 

8fi.44 
8.79 

73.21 

Onruilc  matter 
Crude  proteld. 
Ether  exlrsol. 
Crude  fiber — 
N<trogen-[rte 

[    849-88  1  12S.30 

40.47      38.75 
243.40      70.51 

17a.  89 

64.18 
4.2S 

13.-4 

LoB8  in  weight 

Ratio  H,0  to  dr>-m 
Ratlostnd  todryi 


CHICKEN  F.— OATS. 


Duration  ol  experiment... 

....dayii.. 

..gtams.. 

Water  consumed 

...Ao..:. 

Ratio  BM  to  dry  matter 

CHICKEN  H.— OATS. 


Organic  matter.. I 
Crude  proteld  ... 
Ether  eitract....| 

Crude  fiber. 

Kltrogeti-trecex- 


Pentosana  .. 


Water  conmimed  . . 
I.oesln  weight 


l<  AXD  A".— OATS.    COMBINED 
COEFFICIENT. 

Organic  matter 63.29 

Crude  proleid 74.95 

Ether  eilract SZ.15 

Crude  fiber 8.83 

Nltrogeu-tree  cxlraet 6«.69 


:'  AND  C— OATS.    COMBINED 


,  Organic  matter... 

Crude  proteld 

Etbet  extract 


Crude  proteld.. 
Elher  extract.. 

Crude  fiber 

Nitrogen-free  ei 


U,y,lz?d.,vG00^Ic 


BUREAU    OF   ANIMAL   INDUSTBT. 
Table  VII. — Digatum  fxptrimtnU  vitk  oaU,  wheal,  and  meal — Continaed. 


OHICKEXA. 

-WHEAT. 

oaioKtv».-»^T».rr. 

iln^o. 

*>"*>- Jt.'n™."^;:": 

1                             Income.  Oul»o.;J;^^' 

'Coeffl- 

OrB«n)<;ro»"er--     ««1' 
Crude  proteid...      S3. 24 
ElhercilTMl....       9.K 

66,  SI  ,  SIB.  36     M.94 
12.03       41.21      77.« 
3.96  1      5.66    S8.g3 
12.43-4.97   

S1.3>1  '  307.12     8J.90 

,  Otjuilp  matter  .'      96.S7  ,    12.So  ,    W.ea 
Crudeproleld...       ».M        8.83      76,91 
'  EtbercitrwM...        S.D9         .68        t.4l 

89.91 
S6-iS 

Kilro»ten-frec                                ' 

Duration  of  experiment.. 

-...day...           3 

Dumtlonoteiperimenl days.. 

« 

do...        7K 

Gain  In  weight ounee.. 

2« 

CHICKEX9  M  AND  N.-AVERAGE  COEFFL 

CHICKEN  N,-MEAT  DIET. 

'"«"' 

ou«o.i*^^H^««- 

"™lT^''«.S4 
.71  i      4.38  1  80.01 

Crude  proieid 

.  90.x 

OrgHnlc  matter..       96.97 
CnidcpnUeid.-.j      »5.54 
EOnTeilmct....!       S.09 

";=":'"": 1 ' 

DuiBlion  o[  ciperlment . . 

days..           G 

265 
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DIGB8TI0H  EXPEKIMEHTS  WITH  POCLTBT. 
Table  VIII.^ — Metabolic  mlrogeii  of  excremtiit. 


i  « 


Chlck«n  Ai 
Chickens' 

Chicken  H . 
Chk'ken  A< 

Chicken  A> 


SilckenE.. 
lilckenF.. 
IblckeuM.. 


•l\H\    i"il 


II  P  ■*•' 


<,  PfrrtJilcrrt.!  ftf  rt. 


Ifrrt.  ftrrt,.P«rc(. 


I- 


ftrrt.   iVrrt.   i^i-rt.  I  neret. 


Tablb  IX. — Digettion  coefficUiil*  of  poultry  and  other  farm  aninvilM  compared. 


Otganlc      Crude    '    Elher        Crude    ]"^^" 


PoQltry:  Average  ol  G  e 

(Brown) 

Poultry:  Aversge  of  *  cipcrtmenW  with  corn 

(PanuichtBChnk)  f 

Poultry:  Avenge  ol  S  experiments  nllh  cum 

(Fields*  Ford)" 

Foulttr:  Average  ol  S  eiperlmenta  vlth  cnm  i 

meal  (FieliJiit  Ford) 

Poultry:  Average  ol  S  eipeiimenU  with  Koflr  ^ 

com  (Fields  4  Fort). ' 

Pooltry:  Arctage  of  3  eiperlments  wttli  Kaflr  ' 

com  meal  (Fields  i  Ford) 

Raminanti:  ATcngcoIlS  experiment(<wlthcoin  ' 

(WoIB)" ! 

Horses:  Average  ol  2  ciperlmenls  with  com  : 

(Wolfl) I 

Swiae:   Average   ol  1   experiments   with   com  | 

(Wolff) 


Poultry:  Average  ol  S  oiperlmcnta  (Brown) 

Poultry:  1  eiperiment  (Gro-t)" 

Ruminants:  Average  ot  39  experiments  (\VoUIj"i. 
Homes:  Average olSenperlments  (Wolff) 
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Tablk  IX, — Digettion,  coefikimti  v/pouUiy  and  other  farm  aaimaii 


FOQlLry:  I  experimeat  (Brovn) 

Fodltry:  Averaj«oI2experliiieiiU(KBlugln)*'.. 

Awltr;:  1  eiperlment  (Lehmuui)x 

Bwlne:  1  eiperlmenl  (Snyder)" 


PDoltrj:  Avenge  ot  2  experimenu  wlUi  peu 

(Ealiicln)t<> 

Ponllry:  \  experiment  wilh  peasiLehmaun)"... 
Kuminaals:  ATorage  of  2  experiments  with  pens 

(Wolff)" 

Horaen:  1  expeiimentwllh  pea«(  Wolff) 

Swine:  Average  of  ID  experiments  nith  pcft» 

(Wolff) 

AmiHt;:  Average  of  3  experlmenU  with  eowpew 

<Flel<lB&Ford)'i 

Ponlttr:  Avence  of  S  experiments  with  oowpea 

me»l(neld«4Fi>td) 


Rmltrr:  Avenge  ot  leiperliaentf  (K&lugla)*'.. 

Poultry:  I  experiment  (Groat)" 

Rumlnuita:  Avcra^of  4cxpertIDeDU  (Wolff)*'. 

Hoiws:  t  experiment  (Wolff) 

Bwtne:  Avenge  of  8  experlmenU  (Wolff) 


Poultry:  1  experiment  [arost)» 

Poultry:  Average  of  Jczpvrlmenta  (Kalu8ln)*>.. 
PoDltry:  Average  of  -i  eiperiment*  (Kalngln}*. 
Poiittr)"  AveragL'  of  2cxperini€iitjf  (Bn>wn) 


19. 6T 

None. 

60 

SO 

8S.71 

1S.7S 

9 

8 

« 

«g.T 

18.4 

•" 

... 

07.  U 

.20 

g> 

60       ! 

Q 

100 

» 

IB 

lS.f» 

2.40 

fn.-n 

2.02 

•«■'■ 

G.G.'i  1 

FC.02 
K-SO 

M.S4 
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Table  X. — Feedhig  tlniidiirde /or  poultry  bated  on  digeition  coefficienti. 
I.— AMOUNT  OF  NUTRIENTS  DAILY  CONSUMED  BY  100  POUND8  LIVE  WEIGHT. 


4  pounds),  com  — 

4  poiiuda).oata 

i  pounds) ,  wh«t . . 


OF  HUTBIENTB  DAILY  ASSIMILATED  BY  100  POUNDS  LIVE  WEIGHT. 


Hens  (3  to  4  poundaj .  corn 

Hene  (3  lo4  pounds),  wheat 

Oiien(»tteBt)n 

Coin  (milk  Field,  11  poundi)  "  .... 

Sbeep  (couaewool)" 

HoraeXllBhtwort)" 

Cowa{n)ilk  yield, 21)  ponoda)"... 

Oien  (severe  wort)" 

Hones  (severe  irork)" 

Swine  (laUening,  tlilTd  period)  •> . . 


m.—DIQESTIBLE  NUTRIENTS  PER  DAT  PER  100  POtlNDS  LIVE  WQOHT.i 


Capons  (S  (olSponnds)... 

Hens  (Stobpotuidi) 

Hem  lb  (oT  pounds) 


IV.— AMOUNT  OF  ASSIMILATED  NUTRIENTS  IN  100  POUNDS  OF  THE  GRAIN  FED. 


1  POUND  OP  THE  ASSIMILATED  NUTRIENTS  OF  THE  ORAlN.t 


Otnli. 

2.82 
1.78 

ami.. 

2.17 

l.*6 

CmU. 
■LK, 

CerUt. 

2.26 
1.78 

1 
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Table  XI. — Cott  of  Iht  principal  ii 


Experimtnta  with  nim. 


Cnidi'  proicid 

ElhuT  eilrarl 

Nhiuffun-frvc  extract., 
Valuu  o[  gain  (  +  )  < 
lo»i(  — )  in  weight... 


"■■'«»■  its.' .^.- 1  »>■»"■  iS":;^..  o"^'  sa,. 

CenU.  CcHti.  |  Chdji.  i  OriiU.   |  Oruli.     Cfntt.  Cctiti.  Onln 

0.3^1  2.«S24  '  1.0Z7T  I  0.1402  :  0.»I7S  ,  1. 1U6  0.1645  O.  «U 

.0061'  .031»  !  .012k'  .CDI7       .Dili  I    .0144'  .0028  |      .OIK 

.0013  I  .0091  !  .0036  I  .0006      .OOSl  '    .OOW  .0006  .OOM 

. ana  '  i. twi     .6707  1    .otto  1  .sain '  .7642      .osss  ,     .ecii 


ExperlmentH  with  u 


Chicken  D', 

Chicken  G. 

Chicken  A 

ID- 

1    0.33N.S  1  1.6T60 

.mil  '     ,01^ 

'       .OOOSj     .0057 

lu- 

l.OBOl 
.0031 

On/*.   1  (*tU«. 
0.13fi3    0,91  SB 

.0617     .easa 

^°-„      0«l«o. 

otu».  '  emu. 

1,7405       0.fl5» 

.03S1        .0096 

.9218        .Mil 

A4Btinl- 

1  OejilK 
.    I.HIIE 

.    l.lftV 

CmU. 

Cmdoproleld... 

.02.M 

+  1  o 
hi... 

.6»J 

Value    <i(   Buiii 

■1 

+4 

+1 

Kone. 

Exprrlmi-iib*  ultt 
Cbli^ken 


Chicken  C 
;_      Outpi, 


Crude  protold 

Sllrogen-(rw  cxlntct. 
Value  of  Ruin  (+)  . 
lo»i|-)inu-cight.. 


,01>iO  I    .0300        .0077 


Cxperimcnis  with  oe 
Chli'keii  E. 


OuCfro.    ' 


„    1  Outgo.  |- 


Organic  mailer 

Crude  protcid 

Ether  exlmct 

MitrO(cen-[ice  extract . . 
Value  of  gain  (+)  o 
loffl  (—)  in  trelght... 

<■  With  CO 


I    (tiilj.      'Jnili.      OrMt.  1  Carta.    ,  «■«(».  ,   Ctnrt.  ]  OtK*.   I 

,    0.',;741  '  0.!i6e9  '  l.DHie  I  0.3884  ^  0.e»2  .  0.6032  I  0.21G5 

.OOa  i    .0186  !    .027S  I  .0075  I  .0200  !    .0121  |  .0039 

I     .oocM  I   .0022  '   .ooaa  .0005  .mix  ,    .oois  1  .0003 

,11113!    ,3jiio  I    ,5744  I  .low'  .40W'    .3195  .  .0897  1 

-2,5                  I  -i  1  -2.25 
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Table  XI. — Chel  of  the  prineiiial  nu/riraii — Continued. 


Chicken  H 

Chfclicn  A', 

iDCome.  1    Outgo. 

Awlmlls- 

Income. 

Oulgo.  i-^i^^"'- 

ftjito.         CcnU. 

O.MK!  0.S2N) 
.am  .OHM 
.M.8  .DOe 
.IfiWI        .12T4 

CeiiU. 
.0015 

.was 

ftn(..         »nli. 

Crade  pro 

^^ 

.0060 1       .om 

Nitrogen- 

Tarlk  XII. — Ikiity  bo-lt/  ireigM  in  fvcling  exiierimenit  with  corn,  onts,  whml,  ami  life/. 


&. 

Eipcri 
enD. 

nent*«-i 

hm. 

on  2'. 
2    IS 

oSi'k 

enBi," 

(3) 
enC'," 

euo," 

cfflf-cfflf. 

i6..0!.jl:6..«. 

2      9J    2      »i 

^ ;::  i  :■ 

2    10]   2     9 

2    11  '    2      9i 
2    lOi,    2      9 
2    lot'    2      Kt 

A. 

FlKlday 

: :, 

3    121 
S    121 

s  m 

!  lai 

S      1 

3       i 

S      1 

a     li 

3    14i 

a  Ui 

3    UI 

4      Jl 
4     21 

4      8 

2    131 
■i    13 

2    Ki 
2    12t 
2     121 
2    121 

i  111 

Third  day'' 

1  m 

2  111 

Sloth  day 

Tenih  day 

Eleventh  day 

1 1 

1                              1          1 

1 ,           1 

1          1          '          1          .          1 

Kxpcrimen 

a  with  (. 

Chirk- 

cfia,. 

S 

,ffi. 

.nC.. 

Filslday.... 
SeronildaT.. 
Third  day... 


Tenth  day 

Eleventh  day 

Twelfth  day 

Thirteenth  day.., 


2      7|.    2       1 
2      71      2      ] 

2   10      1   m 

2      9),    2     0 
2      91      2      0 

3      91     3      9i 

3      2}     S    lOl'    3      E 

3      2i    8      9|    8      5 
3      2i'    3      9      8      B 
3      3      3     N)     3      5 
3     21     3      l-j    3      6 
3     3       8      8i     3      6) 
S      31     8      8   

2      B|'    2      1 

2    ei'   2    1 

1 

2      9  12       0 

3      9!':::::::' 

L,.,lzerl:,vG00gIe 
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£  Xir. — Diiili/  IkmIii  vviffht  in/eediny  e^iierimentt  leUh  i^rn,  rtc. — Cotitinueii. 


1                E„.«.on».m««. 

wilb  vrhenl.    '     wlih  beef. 

S^S'S- 

clkk-'clkV 

i    10      3      fi|    S      7 

TiMd»:r ,    3      J 

2     3|.    S      31 

a    8(i  »    3 
a    at,  3    21 
a    21    s    2 

2        i     3       1 

Uu.ca.'  Uu.ia.IJrt.oz. 
2      0  1    2      11     3      91 

Thirdday 3     01 

2      2      2      3l'    3      9J    i    10]    3      4;    3      61 
2      21'    2      8.3      3      a    10  '    3      33      e 

2      2I'    2     3l    3     L'    a    10      3      «'    3      5, 

Stveathday ,    3     6 

Eieventhdftv 

1 

,      ,' 1 

1 

I      ll              1 

1      „ 1 

1 

I     I  1 

1 

1 

1 

y  Brown;  NoL  8  to  IS,  23.  23.  and  25  by 
TitBLR  XIII. — TTie  comuniptimi  and  fxmtion  of  SiO^ 

Total  ToUl 


8IO,  SiO,        ,„SrtJ' 

IngeiSd.     eicrefed.   "'jj^^^ 


B".— Oats... 
C".— Otlte... 
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Tahle  XIV, — ExfTelicm  o/SiO,  whm  no  »and  U'O*  ingeilrtl. 


,N.*^^'n^f^,^;S?.7-:». 

(No  Mnd  aflerMny  28.) 

,N.'S3iSSi 

a.) 

Dace. 

'mem""     «^„t«"=- 

Total  8iOi 

liioiorio- 

Wlexcre- 

""""■      1      mem 

"TL'            5  66 

0.9633 

4.M 

0„„. 

«70 

j^Jfl ! 1 

June  21 

.lOM               1.83 

.4760 
.38M 

B.8I 

19 

Date. 

(No^i^rX'KS'a., 

IS 

M&nh2T.) 

N,  me^l! 
(No  sand 

after 
Uarch27.) 

■^810, 

Si 

Total  SIO, 
fonlxd«)-« 

Total  SlDi 
tot«lxd«y» 
In  Bicre- 

0.7172 

fl-GS 

Sninu. 

<7nuu. 

0.46a 

AAl 16-ao 

o.ia* 
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THE  KEEPING  QUALITY  OF  BUTTER. 

I.-CANKED  BUTTER 


By  Lobe  A.  BooEss, 

1  Dairy  BcKUrMogy,  Bureaa  qf  Animal  Indu»(ry. 


In  taking  up  the  study  of  abnormal  ohangcs  in  butter,  the  possible 
decomposition  of  three  groups  of  chemical  compounds  must  be  con- 
sidered. 

The  sugar,  which  has  already  been  partly  fermented  during  the 
ripening  of  the  cream,  breaks  up  most  readily  into  lactic  and  similar 
acids,  which,  without  giving  the  butter  any  unpleasant  taste,  protect  it 
from  other  fermentations  by  preventing  the  growth  of  bacteria  less 
resistant  to  these  acids  than  the  group  of  bacteria  by  which  they 
were  produced. 

In  addition  to  the  sugar  there  is  in  the  butter  a  small  amount  of 
casein  and,  in  solution  in  the  water,  albumen,  together  with  small 
quantities  of  the  decomposition  products  of  these  two  proteida.  The 
curd  is  made  up  by  the  insoluble  casein,  and  all  are  usually  grouped 
together  in  the  chemical  analyses  under  the  heading  "casein,"  or 
"  nitrogenous  constituents."  Under  ordinary  circumstances  this  group 
is  subject  to  decompositions  of  a  widely  vaiying  nature.  In  butter, 
however,  the  growth  of  the  putrefactive  bacteria,  through  whose 
agency  these  changes  are  usually  brought  about,  is  checked  by  the 
presence  of  the  lactic  acid  which  has  been  produced  by  the  fermenta- 
tion of  the  sugar.  Under  certain  circumstances,  as  for  instance,  an 
imperfect  ripening  of  the  cream,  the  nitrogenous  constituents  may 
undergo  an  active  decomposition,  with  a  consequent  spoiling  of  the 
product.  This  is  probably  a  more  unusual  trouble  than  is  generally 
believed  and  is  easily  distinguished  from  the  more  common  troubles 
caused  by  changes  in  the  fat. 

The  third  substance,  the  fat,  which  makes  up  between  80  and  90 
per  cent  of  the  butter,  is  not  a  single  compound,  but  a  mixture  of 
a  con-  siderable  number  of  closely  related  but  distinct  fats.  These 
fats,  or  glycerides,  which  are  formed  by  the  chemical  union  of  a 
fatty  acid  with  glycerine,  when  mixed  in  the  proportion  found  in 
butter,  have  an  agreeable  taste  and  smell.     These  glycerides  are 
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somewhat  unstable,  aod  some  of  them  are  easily  decomposed.  The 
fatty  acids,  while  clasacd  with  the  weak&ot  of  the  or^oic  acids,  are 
characterized  Ity  their  peculiar  pungent  odorand  taste.  When,  through 
any  abnormal  fermentation,  one  or  more  of  theise  glycerides  is  broken 
down,  the  fatty  acid  is  set  free,  and,  even  though  it  may  be  present  in 
very  small  quantities,  it  gives  the  butter  a  peculiar  dis^reeable  flavor 
var^'Ing  proliahly  in  its  nature  and  intensity  with  the  kind  and  amount 
of  the  acid  lil>erated. 

The  "off"  flavors  found  in  butter  present  all  gradations  between 
the  indistinct  "  not  fresh  "  flavor  and  the  great  variety  of  disagreeable 
odorH  and  tastes  which  are  sometimes  indiscriminately  designated  by 
the  term  "  rancidity."  As  in  all  questions  relating  to  flavors,  it  is  very 
difBcult  to  find  two  persons  agreeing  on  just  what  constitutes  "ran- 
cidity." Some  investigators  have  understood  rancidity  to  mean  any 
change  from  the  normal,  while  others  use  the  term  to  designate  only 
the  "off"  flavors  cauised  by  a  certain  amount  of  free  fatty  acid.  A 
great  variety  of  opinion  may  be  found  on  this  subject.  In  this  paper 
the  term  "  rancidity"  is  not  used,  partly  l^ecauae  of  this  difference  of 
opinion  and  partly  because  few,  if  any,  of  the  butters  mentioned  here 
had  reache<l  a  state  of  d»-ompositionthat  most  investigators  and  dairy- 
men would  cunsi<Ier  as  rancidity. 

Tlie  ([uestion  of  the  decomposition  of  butter  fat  has  received 
more  or  less  attention,  but  until  recently  has  been  surrounded  with 
consid(;nible  obsciirity.  The  decomposition  has  been  ascribed  by 
different  investigators  to  various  causes,  particularly  to  oxidation, 
warmth,  iiioisture,  light,  and  microorganisms.  Kitsert ' "  showed  that 
fat  in  sealed  tul»es,  both  in  darkness  and  in  sunlight,  remained 
unchanged,  while  .samples  exposed  to  Iwth  air  and  sunlight  absorbed 
oxygen  and  became  ran<'id.  Schmidt*  showed  that  butter  made  from 
pasteurized  cream  and  ])rotected  from  air,  light,  and  warmth  remained 
fresh,  while  the  .same  butter  exposed  to  air,  light,  and  warmth  rapidly 
became  rancid.  Von  Klecki'  ascribes  to  fat-splitting  bacteria  the 
principal  nile  in  the  decomposition  of  butter,  and  shows  that  i  per 
cent  sodium  fluoride  prevents  the  formation  of  acid.  Browne'  states 
that  the  factors  most  active  in  the  decomposition  of  pure  butter  fat  are 
air,  light,  and  warmth.  Microorganisms  are  excluded,  as  the  work  of 
Ritaert'  has  siiown  that  bacteria  will  not  grow  in  pure  fat  laxa,' 
Schreiber,'  Koenig,  and  Spiechermann  and  Bremer'  have  demonstrated 
the  ability  of  certain  microorganisms,  especially  the  molds,  to  break 
up  fats  with  the  liberation  of  fi-ec  acid.  While  this  work  has  contrib- 
uted much  valuable  infonnation  on  the  nature  of  the  changes  in  butter, 
the  explanations  offered  for  these  changes  have  been  insufficient  to 
explain  them  fully  or  have  not  been  supported  by  proper  proofs. 


"Figures  refer  to  bibliography  at  end  of  bulletin. 


■oogle 


KEEPING   QUALITY    OF   BUTTER — I.    OANNED    BLTTTEB.  7 

A  recent  work  by  JeDsen'  does  much  to  harmooize  the  conflicting 
views  of  the  earlier  workers  and  proves  conclusively  the  causal  rela- 
tion of  organisms  to  the  ordinary  decomposition.  He  found  that  while 
butter  exposed  to  sunlight  was  distinctly  oxidized,  it  was  only 
slightly  hydrolized.  On  the  other  hand,  unsterilized  butter  held  in 
darkness  at  room  temperature  was  not  oxidized,  but  the  acidity  was 
materially  increased.  In  sunlight  the  bacteria  decreased  rapidly, 
while  in  the  portion  held  in  darkness  they  reached  high  numbers,  but 
dropped  to  the  extent  of  -t, 000,000  to  7,000,000  per  gram  at  the  end  of 
four  weeks.  In  unsterilized  butter  at  room  temperature,  the  acidity 
increa^^d  much  more  rapidly  when  it  was  exposed  to  the  air,  begin- 
ning tirst  in  the  outer  layer  and  gradually  extending  inward. 

In  the  inner  part  of  the  butter,  the  lactic  acid  bacteria  and  the  yeasts 
multiplied  for  ashoi't  time,  but  soon  began  to  decrease;  liquefying  bac- 
teria and  Oldiuni  Iacti«  decreased  from  the  beginning.  In  the  surface 
layer  there  occurred,  in  correspondence  with  the  increase  of  acidity, 
an  increase  of  short  duration  of  Bacilhui  Jluorescena  liijuefaciena,  and 
often  also  S.  prodtgimiM;  Qldlum  lactia,  Cladosporiuin  hutyri,  and 
yeasts  grew  much  more  slowly,  but  soon  suppressed  all  others.  In 
butter  kept  under  anaerobic  conditions,  these  forms  decreased  rapidly, 
and  the  flora  was  soon  made  up  exclusively  of  lactic  acid  bacteria  and 
yeasts.  The  acidity  increased  only  slightly.  In  a  portion  protected 
from  the  air,  the  "degree  of  acidity"  increased  in  ten  weeks  only 
from  3.0  to  9.0.  By  inoculations  made  in  sterile  cream  butter,  Jen- 
sen shows  that,  of  the  various  organisms  occurring  in  butter,  only 
Bai-lUws  Jltiore«cens  Uqui:f<icmis,  Oidliim  lacds,  and  CladoKpf/rium 
hutyri  were  able  distinctly  to  increase  the  acidity  of  butter.  He 
thus  shows  that  the  action  of  the  air  is  only  indirect  in  that  it  does  not 
itself  increa.He  the  acidity  of  the  butter,  but  only  supplies  oxygen  to 
the  aerobic  organisms  which  bring  about  the  increase  in  acidity. 

Jensen's  results  explain  very  satisfactorily  the  deconipt)sition  of 
European  butter,  which  is  usually  put  up  in  small  packages  with  a 
considerable  surface  more  or  less  exposed  to  the  air.  However,  his 
conclusions  can  hardly  be  applied  to  American  butter  which  is  packed, 
as  a' large  part  of  it  is,  in  large  tubs  with  a  relatively  small  area 
exposed  to  the  air.  They  certainly  will  not  explain  the  changes  in 
canned  butter.  This  butter  is  ordinarily  put  up  when  perfectly  fresh 
in  small  cans  containing  one-half  to  3  pounds,  completely  filled  and 
hermetically  sealed.  The  very  small  amount  of  oxygen  left  would 
doubtless  be  quickly  used  up  by  the  large  number  of  lactic  acid  bac- 
teria normally  present  in  fresh  butter,  thus  creating  a  condition  under 
which  the  aerobic  organisms  mentioned  bj'  Jensen  would  be  unable 
to  live. 

The  cans  usually  have  the  packers'  statement  that,  since  they  are  her- 
metically sealed,  the  contents  will  keep  indefinitely,  a  statement  that 
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would  be  coti'ect  if  all  oxygen  were  absolutely  excluded  and  atrictly 
aerobic  organisms  were  tbe  only  <.-ause  of  the  decomposition  of  fat. 
That  this  is  not  entirely  true  is  conclusively  proved  by  tbe  condition 
of  canned  butter  after  keeping  it  a  few  months  in  a  wanu  climate. 

THE  COSDITION   OF  OLD  CASSED  BUTTER. 

When  this  work  was  started,  there  were  in  the  Dairy  Division  of 
tbe  Bureau  of  Animal  Industry  a  number  of  cans  of  domestic  canned 
butter  collected  by  agents  of  the  division  in  China,  the  Philippines, 
Cuba,  and  Porto  Rico.  In  most  cases  the  history  of  the  individual  cans 
was  not  known,  further  than  the  place  of  manufacture  and  sale,  but 
nearly  all  had  been  at  the  Washington  office  for  about  one  year.  Not- 
withstanding the  fact  that  the  seals  were  intact,  all  of  these  butters 
showed  more  or  less  decomposition.  The  texture  was  usually  pasty, 
the  aroma  somewhat  acid  and  penetrating,  the  taste,  while  not  what 
is  usually  described  as  rancid,  wa.s  a  disagreeable,  biting  flavor,  corre- 
sponding more  closely  with  the  so-called  '"  fishy  "  flavor.  The  intensity 
of  the  ''oS"  flavor  varied  considerably  in  the  different  samples,  but 
none  of  these  butters  was  fit  for  use.  The  acid  numbers  of  a  few  of 
these  butters  are  here  given: 

Table  I. — Acid  number  of  old  canned  butter.' 
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The  increase  of  the  acid  number  above  the  normal  (0.4  to  0.8)  was 
distinct  but  relatively  small  when  the  age  of  the  samples  is  considered. 
The  iodine  numl>cr  was  not  determined.  Bacteriological  examinations 
were  made  of  a  large  number  of  these  cans,  but,  as  would  be  expected, 
with  negative  results.  Gelatin  plates,  both  aerobic  and  anaerobic," 
developed  onlj'  a  very  few  bacterial  colonies,  while  molds  and  I'elated 
groups  appeared  so  infrequently  that  they  could  be  considered  entirely 
as  contaminations.  A  large  percentage  of  the  bacterial  colonies  were 
persistent  spore-forming  species,  frequently  of  the  liquefying  hay 
bacillus  type.  It  would,  indeed,  l>e  surprising  if  any  but  tie  spore- 
forming  varieties  were  found  iu  a  medium  containing  the  amount  of 
free  acid  usually  present  in  these  butteis. 

"Aerobic  plates  are  those  bo  arrani^  that  there  is  a  free  ticceaa  of  air  to  the  grow- 
ing colonies.  ADoerobic  plates,  on  the  other  hand,  are  held  in  an  Btmoaphere  of  an 
inert  gas,  such  as  hydrogen  or  nitrogen,  to  allow  the  development  of  bacteria  which 
are  unable  to  grow  in  the  present-e  o£  free  oxygen. 
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CAUSES  OF  THE  1KCBEA8E  IN  ACIDITT. 

Aa  has  already  been  Doted,  many  of  the  earlier  writers  considered 
certain  physical  and  chemical  agents  as  important  factors  in  the 
decompodtioD  of  fats.  On  account  of  the  peculiar  conditions  under 
which  the  butter  under  consideration  is  held,  only  two  of  these  agents — 
waiinth  and  moisture — can  be  considered.  Light  is,  of  course, 
excluded,  and  the  effect  of  oxygen  is  doubtless  reduced  to  a  minimum. 

Browne  '*  states  that  the  three  factors  most  active  in  the  decomposi- 
tion of  pure  butter  fat  are  air,  light,  and  warmth,  but  that  the  decom- 
position may  go  on  slowly  if  one  or  even  two  of  these  factors  are  sup- 
pressed. Bortbelot*'  has  shown  that  fat  is  broken  up  when  exposed 
with  water  to  high  temperatures,  and  he  thought  that  this  action  might 
go  on  slowly  at  ordinary  temperatures.  That  the  at^tion  is  not  per- 
ceptible at  ordinary  temperatures  is  shown  by  Table  II.  No.  I  was  a 
mixture  of  20  c.  c.  of  sterile  milk  and  125  c.  c.  of  butter  fat.  The 
action  of  bacteria  was  prevented  by  holding  it  at  i7°  C.  No.  II  was 
a  flask  of  butter  partially  sterilized  by  holding  thirty  minutes  in  a 
steam  bath  and  with  the  action  of  bacteria  prevented  by  the  addition 
of  thymol  in  the  proportion  of  1:100. 

Table  II. — Injluenre  of  phygical  and  chemiral  agenlg. 
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In  the  earlier  part  of  this  work  thymol  was  used  because  it  is  usually 
considered  e£Gc lent  in  small  quantities,  and  with  most  enzymes  its  inhib- 
itor}' effect  is  le-ss  than  that  of  formaldehyde.  However,  on  account 
of  its  tendency  to  combino  with  fat  and  its  slight  solubility  in  water, 
it  is  not  always  eflBcient  in  fatty  mixtures  in  proportions  greater 
than  1:200,  In  this  work  its  antiseptic  effect  was  tested  in  all 
cases  by  bacteriological  examinations.  Formaldehyde  was  substituted 
because,  while  it  has  been  shown  by  Kastle  and  Loevenhart  to  have 
little  or  no  effect  on  lipase,  it  is  an  efficient  germicide  in  very  small 
quantities,  does  not  unite  with  fat,  and  is  readily  soluble  in  water. 

In  the  fat  held  at  the  higher  temperature  there  was  a  question- 
able small  increase  of  acidity,  while  at  23°  C.  the  change  was  within 
the  limib^  of  experimental  eiTor.  Similar  results  were  obtained  from 
butter  made  under  laboratory  conditions  from  cream  which  had  been 
held  fifteen  minutes  at  TO^  C.     The  usual  precautions  were  taken  to 
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prevent  contamination,  and  the  butter  sealed  in  small  tubes  wa>i  held 
at  23'  C.  At  the  end  of  one  hundred  days  the  acid  number  remained 
un<' hanged. 

It  is  therefore  evident  that  the  decompusitiun  of  butter  held  under 
anaerobic  conditions  is  due.  not  to  the  notion  of  phj\sical  agents,  but  to 
some  factor  which  is  eliminated  or  destroyed  by  a  comparativelr  low 
temperature.  The  nonspore- forming  oi^nismsand  the  fat-splitting 
enzymes  are  the  only  known  factors  which  could  be  included  in  this 
cla.-is. 

The  faC-splitting  enzyme,  or  group  of  enzymes,  while  it  has  received 
comparatively  little  attention,  doubtless  plays  a  very  important  part 
in  the  nutrition  of  both  plants  and  animals.  It  is  a  soluble  body  of 
unknown  chemii-al  composition,  excreted  by  certain  cells  or  oi^ns. 
and  transfoinis  fats  into  compounds  suitable  to  be  utilized.  In  the 
higher  plants  it  transforms  the  insoluble  oily  and  fatty  resen-e  food 
into  soluble  acids  and  glycerin  that  may  be  transported  by  the  sap  to 
the  point  of  growth.  An  enzyme  may  act  for  an  indefinite  time  on  a 
proportionally  large  amount  of  mnterial  without  loss  of  matter  or 
energy.  A  small  amount  of  a  fat-splitting  or  lipolytic  enzyme  if 
present  in  butter  might. .in  the  <ourse  of  time,  liberate  an  appreciable 
amount  of  acid  and  desti-oy  the  desirable  flavor  of  the  butter. 

If  bacteria  or  other  microorganisms  are  i-esponsible  for  the  changes 
in  these  butters,  it  is  pi-obable  that  they  will  I>e  found  only  while  the 
butter  is  coinparati\ely  fresh.  We  have  seen,  at  least,  that  they  were 
not  present  after  the  deconniosition  was  well  advanced.  For  the  pur- 
pose of  making  a  biological  study  of  freshly  canned  butter  one  dozen 
cans  were  obtained  from  a  factory  in  Iowa.  These  were  all  fi-oui  one 
churning  of  butter,  packed  while  fresh,  in  the  usual  way,  in  1-pound 
tin  cans,  and  shipped  at  once  in  a  refrigerator  car.  They  were  seven 
days  old  when  received,  and  were  pi-ol)ably  only  slightly  changed. 
The  teiiipoi-atui-e  of  the  laboratory  where  they  were  stored  was,  of 
course,  subject  to  more  or  less  variation,  but  most  of  the  time  was 
alxne  lio-"  C.  The  condition  of  the  butter  is  given  in  the  following 
tabic: 

Table  III. — Shoiriiig proyniam  c)i<iii<je  in  cmn.il  hidlrr.     [.Serif 1 5.) 


Arid 

C.iihM 

.ms. 

Not  ni>tin-al>Ly  chaii^i-<l. 
Slttrtif- off  flavor. 

Dif-linflfi-liy  flavor, 
riiwigrpcable  taste;  ifiiu 
Dl-Mgn*ttble.  Ilsliy  flav.ir 

opmil 
peiie 

1.2 

U,y,lzerl:,vG00^Ie 
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There  was  a"  slow  but  gradual  change  in  the  flavor  and  general 
appearance  of  the  butter;  an  "off"  flavor  could  be  detected  when  it 
was  twenty-five  days  old,  and  at  the  end  of  thirty-two  days  it  had 
become  quite  decided;  at  one  hundred  and  sixteen  days  the  texture 
was  soft  and  pasty,  the  aroma  strong,  and  the  taste  disagi-oeable. 

It  will  be  noticed  that  the  increase  in  the  acid  number  corresponded, 
in  a  genei-al  way,  both  in  this  series  and  in  series  22,  T^ble  V,  with 
the  progressive  (rhange  in  flavor. 

Aerobic  and  anaerobic  lactose  gelatin  plates  were  made  from  time 
to  time,  a  new  can  being  opened  for  eat^^h  examination.  There  was 
apparently  no  difference  between  the  aerobic  and  anaerobic  plates 
except  that  the  numbers  were  usually  smaller  on  the  anaerobic  set. 
Yeasts  and  similar  organisms  were  determined  by  adding  to  gelatin 
sufficient  tartaric  acid  to  inhibit  the  growth  of  bacteria  without  pre- 
venting the  development  of  yeast  colonies. 

Tablb  IV. — Baatria  and  yeatli  per  gram  of  buUer.     {Seritt  5. ) 


«„' 


823,600; 

6,000 

IBS.  000 

84. 2W!... 

«0 

8.500 
Very  tcvi. 

00 

*"l 

200 

OO 

It  is  evident  that  at  the  time  the*  first  examination  was  made  the 
butter  was  considerably  past  its  maximum  bacterial  content,  as  the 
total  had  already  dropped  to  a  comparatively  low  number.  As  is 
the  case  with  ordinary  butter,  the  lactic  bacteria  made  up  over  9!)  per 
cent  of  the  total  number  and  decreased  somewhat  rapidly  until,  when 
examined  at  one  hundred  and  sixteen  days  old,  they  had  completely 
disappeared.  Bacteria  of  the  liquefying  group  were  present  in  small 
numbers  and,  while  they  decreased  somewhat,  were  more  persistent 
than  the  other  forms  on  account  of  the  high  percentage  of  spore- 
formers.  There  were  present,  in  addition  to  the  three  groups  enu- 
merated in  the  table,  a  small  and  varying  number  of  inert  bacteria, 
which  were  not  accurately  counted  because  of  the  difficulty  in  dis- 
tinguishing their  colonies  from  the  other  forms,  especially  from  the 
lactic  group.  A  large  number  of  cultures  were  made  from  each  class 
of  bacteria,  with  the  hope  of  finding  some  form  that  would  account 
for  the  change  in  the  butter,  but  a  large  part  of  them  proved  to  be 
merely  slow  acid  formers,  and  none  were  found  capable  of  changing 
butter  fat.  On  the  first  set  of  plates  there  occurred  a  few  colonics  of 
a  yeast-like  hyphaa-forming  fungus,  probably  belonging  to  the  Oidiuiii 
group,  but  this  did  not  appear  again. 
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The  only  feature  of  the  flora  that  pould  be  considered  peculiar  wa* 
the  presence  in  considerable  numbers  of  the  Torula"  yeast  group. 
The  negative  character  of  this  class  of  organisms  inaken  it  difBcult  to 
aay  definitely  if  one  or  several  species  were  present,  but  in  this  case 
the  entire  group  seemed  to  be  made  up  of  one  species,  distinguished 
by  its  small  elliptical  cells  and  possessing,  in  common  with  other  Tor- 
ulas,  the  tendency  to  form,  on  gelatin,  small  round  white  or  straw- 
colored  colonies,  differing  from  the  lactic  colonies  only  in  being 
slightly  larger. 

The  first  set  of  plates  did  not  contain  sufficient  acid  to  inhibit  all  of 
the  lactic  forms  completely;  consequently  the  numbers  given  are  not 
accurate  and  the  apparent  increase  in  the  first  few  days  may  not  be  a 
real  one.  Like  the  other  nonspore-bearingformH,  this  group  decreased 
quite  rapidly  and  had  almost  entirely  disappeared  in  twenty-Sve  dayi>. 
The  species  of  Torula  predominating  in  this  set  of  butters  was  recorded 
in  the  laboratory  as  "111  f,"but,  for  convenience,  it  will  be  designated 
as  "T"  in  this  report. 

For  the  purpose  of  confirming  these  results,  and  especially  to 
determine  if  T  was  a  normal  inhabitant  of  canned  butter,  a  second  lot 
of  butter  was  obtained  from  the  same  creamery.  These  cans  were 
packed  in  September,  1902,  from  the  same  ehnrning  of  fresh  butter, 
and  shipped  at  once  in  a  refrigerator  car.  They  were  seven  days  old 
when  received.  For  seventy-three  days  after  they  arrived  thej'  were 
stored  in  the  laboratory,  and  at  the  end  of  this  time  were  transferred 
to  an  incubator  held  at  a  constant  temperature  of  23°  C.  The  follow- 
ing table  gives  the  condition  and  acid  number  of  each  can  at  the  time 
it  was  opened: 

Tablb  V. — Shoirinff  proffremire  /-hangt  in  canned  bullfr.     (fieria^.) 


Cah  No.— 

X' 

i" 

T,n^^;. 

roQiilUon. 

-a 

7 

04 

Flu sor  clean:  wxturoitoofl. 

w 

10 

::; 

SlLghi.  slmrpiKier-UiHe. 

Hiilher  sharp  bui  not  dlBtiactly  "ofl.' 

2S 

NmdiBtlni'llyoir," 

X 

38 

1.1 

Slight  fishy  flavor. 

■2.0 

M 

251 

3.4 

nisliiic-l  bol  nol  Blwrig  fi^hj-  flavor;  b 

aT,od™. 

« In  consideration  of  the  present  unsettled  [)Osition  of  thin  (troup  In  itfl  relation  t» 
other  plants,  it  may  be  well  to  slate  th&t  in  thie  paper  the  cIaf«ifl(4tion  of  Hanaeti" 
IB  followed.  He  includes  in  this  )^up  those  organisms  which  multiply  by  budding 
but  do  not,  like  the  true  yeaebd,  form  spores.  The  fonimtion  of  filmi  on  the  surface 
of  fluid  media,  while  common  among  the  true  yeantf,  or  Sacchararaycet«B,  is  infre- 
quent among  the  Torulas.  It  seems  probable  that  the  Torulas  may  be  only  the  spore 
stage,  or  perhaps  degeneration  forms,  of  some  of  the  higher  fungi,  but  for  the  present 
it  is  convenient  to  classify  them  with  the  yeasts. 
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The  butter  in  this  series  changed  in  the  same  general  way  as  that  of 
series  5,  although  the  change  was  somewhat  slower.  In  a  few  days  it 
had  the  taste  and  appearance  of  butter  not  perfectly  fresh,  but  was 
without  the  flavor  peculiar  to  canned  butter  in  the  early  stages  of 
decomposition.  In  the  can  opened  when  thirty-eight  days  old,  there 
was  the  typical  "fishy"  flavor,  and  No.  27  had  the  diagreeable  biting 
taste  usually  encountered  in  the  old  canned  butters  previously  exam- 
ined. For  the  first  week  after  removal  from  cold  storage  there  wan 
no  appreciable  change  in  the  acidity,  and  even  at  the  end  of  two  hun- 
dred and  fifty  daj's  the  acid  number  was  only  seven  or  eight  times  that 
of  normal  butter.  The  requite  of  the  bacteriological  examinations 
follow,  made,  as  before,  at  tbetime  each  can  was  opened: 

Table  VI. — Haiierin  and  y«itU  per  gram  of  butter.     (Seriet  SS. ) 


«i" 

T««l. 

LmUc 

Llquenera. 

»,000 

too 

GSO 
00 

M 

882,000 
194,100 
126, 000 
23,«I0 
iMO 

as.  000 
m„MO 

122,300 
■23,040 

2I.000 

1!^ 

]«. 

"Only  very  fuw  liqueflen. 

The  results  agree  quite  closely  with  those  of  series  5,  except  that  the 
butter  was  more  advanced  when  received  and  the  numbers  in  all  the 
groups  were  considerably  smaller.  This  was  probably  caused  by  a 
somewhat  higher  temperature  in  transit.  The  Torula  group  was 
apparently  made  up,  as  before,  of  the  T  type, 

A  third  sample  of  canned  butter,  while  it  was  not  fresh  at  the  time 
it  was  examined,  wrs  still  in  the  early  stages  of  its  decomposition. 
The  original  source  of  the  butter  was  not  known,  but  it  had  been 
stored  in  wood  since  the  summer  of  1902  as  "  Extra  June  Oreamery," 
and  was  bought  and  packed  in  3-pound  tin  cans  for  the  Navy  Depart- 
ment in  the  following  February  or  March.  The  can  examined  had 
been  in  the  Dairy  Division  at  room  temperature  since  repacking. 

At  the  time  the  butter  was  packed  in  tin  it  was  examined  by  an 
agent  of  the  Dairy  Division  and  was  then  in  good  condition.  This  can, 
while  not  badly  "off,"  had  the  peculiar  fishy  flavor  of  canned  butter. 
It  had  an  acid  number  of  1.3.  Acid  gelatin  plates  developed  a  few 
colonies  of  a  Torula  yeast,  differing  morphologically  from  T  but  agree- 
ing with  it  in  being  able  to  split  butter  fat. 

A  fourth  lot  of  canned  butter,  consisting  of  3-pound  tins,  from  a 
quantity  packed  for  the  Navy  Department  under  the  general  super- 
vision of  the  Dairy  Division,  was  received  when  only  a  few  days  old 
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and  held  at  33'-'  C.     The  results  of  the  examination  of  three  of  theue 
cans  are  given  in  the  next  table: 

Table  VII. — Changa  in  butter  oftfriei'  66. 


^U" 

Arid  No.                            CoQrtllton. 

19 

CS  1  FlHiorUr. 

0.5  1  Nol  IreO..  hiil  not  dWInotly 

l.l'Bllghlly"otI"fl.Tor. 

■off." 

This  change  ajfree.n  with  that  of  the  two  lot8  jfiven  in  Tables  III  and 
V.  At  the  time  the  first  examination  was  made  the  lactic  acid  bacte- 
ria had  already  dropped  to  less  than  1,000,0()0  per  gram.  There  were 
in  each  of  these  three  cana  a  few  hundred  yeasts  per  gram,  divided 
among  four  or  five  species.  Of  these,  two  were  able  to  develop  acid- 
ity in  butter  fat,  but  both  belonged  to  the  Oidium  class  and  occurred 
in  small  numbers  only.  There  were  one  or  two  species  of  Torula,  but 
none  of  those  isolated  was  able  to  decompose  fat. 

It  is  quite  evident  that  the  microscopic  life  existing  in  the  butter 
can  be  considered  as  only  indirectly  responsible  for  the  change  in 
the  acidity  or  the  flavor.  In  series  22  there  was  no  perceptible  change 
in  the  acid  number  until  the  Iwcteria  had  reached  unimportant  num- 
bers and  the  yca."t3  had  nearly  disapijeared.  In  series  5,  in  which  the 
acidity  was  not  determined  in  the  first  few  cans  opened,  there  was  no 
marked  cliange  until  i)oth  bacteria  and  yeasts  had  nearly  reached  their 
minimum  number.  Of  the  bacteria  persiHting  for  any  length  of  time 
only  the  lactic  group  was  present  in  sufficient  numbers  to  be  consid- 
ered as  a  possible  cauHe.  No  member  of  the  group  has  ever  been 
reported  as  having  a  fat-splitting  ability,  and  none  of  those  isolated 
from  those  samples  was  able  to  increa.se  tlie  acidity  of  butter  fat. 
As  will  be  shown  more  fully  in  another  section,  the  Torula  T  may 
decompo.so  fat  slowly.  Assuming  that  this  species  is  always  present 
in  freshly  canned  butter  in  considei'able  numbers,  and  that  it  is  able 
to  liberate  fattj-  acid  by  the  direct  metalmlisui  of  its  cells,  the  real 
change  could  not  be  accounted  for  in  this  way.  Even  after  the  yeasts 
have  entirely  disappeared  and  the  bacteria  have  been  reduced  until 
practically  nothing  remains  but  I'esistant  spore-forming  species,  the 
increase  In  acidity  goes  on  slowly  and  steadily,  accompanied  by  a  cor- 
responding change  in  the  flavor,  aroma,  and  texture. 

This  brings  us  to  a  consideration  of  the  lipolytic,  or  fat-splitting, 
enzymes.  It  is  indeed  difficult  to  understand  how  fats  could  be  utilized 
by  a  vegetable  cell  without  being  fii-st  broken  up  into  more  soluble 
compounds  through  the  agency  of  an  enzyme. 
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It  ia  probable  that  there  was  in  these  canned  butters  an  enzyme 
with  a  weak  hydrolyzing  action.  The  presence  of  an  enzyme  of  this 
type  would  offer  a  very  satisfactory  explanation  of  the  slow  change 
that  goes  on  after  the  butter  has  become  practically  sterile.  If  this 
hypothesis  ia  a  correct  one,  butter  that  had  been  heated  sufficiently 
to  destroy  the  enzyme  ehould  remain  unchanged,  while  in  butter  in 
which  the  action  of  microorganisms  is  eliminated  by  the  addition  of 
a  suitable  antiseptic  the  decomposition  should  go  on  normally,  or  at 
least  should  be  only  slightly  checked.  Table  VIII  gives  the  results  of 
a  series  arranged  to  determine  if  lipolytic  enzymes  were  present  in 
canned  butter.  In  making  up  this  set,  butter  from  a  can  of  series  5 
was  melted  at  50°  C. ,  and  six  50  c.  c.  Erlenmyer  flasks  were  completely 
filled.  Two  of  those  were  sealed  without  heating  or  the  addition  of 
anti.septic,  to  two  others  was  added  thymol  in  the  proportion  of  1 :  100, 
and  two  others  were  heated  in  a  steam  bath  thirty  minut«s  and  thymol 
added  as  in  the  second  pair,  (iclatin  plates  made  when  the  flasks  were 
opened  showed  that  the  butter  was  practically  sterile. 

In  preserving  milk  or  its  products  with  antiseptics  it  is  rarely  pos- 
sible to  secure  complete  sterilization,  even  in  long  periods  of  time,  on 
account  of  the  large  number  of  resistant  spore-bearing  hactei'ia  nor- 
mally present  in  milk.  The  presence  of  a  few  colonies  of  bacteria  of 
this  class  on  plates  made  from  butter  containing  an  antiseptic  indicati-s 
that  growth  was  prevented  but  that  the  spores  originally  present  were 
not  destroyed. 

All  of  these  flasks  were  held  at  23'^  C,  and  one  flask  from  each  set 
was  examined  at  twenty-seven  and  at  fifty-four  days. 

Table  VIII. — TeUfiir  pretence  qf  lipdtijtk  eiinfme  in  ciiiirinl  butter. 


Acid  number 

BDlbupIic. 

1.2 

Inllial.  1               1.1  1               1.1 

An  examination  of  thiu  table  shows  that  the  liberation  of  fatty  acids 
was  not  checked  by  the  addition  of  the  antiseptic,  but,  on  the  other 
hand,  the  change  was  largely  inhibited  by  heating  the  butter.  In  other 
words,  the  decomposition  was  brought  about,  not  by  the  action  of 
chemical  or  physical  agents  which  would  not  be  affected  by  the  heating, 
nor  by  the  actirity  of  microorganisms  which  would  be  excluded  by 
the  addition  of  antiseptic,  but  probably  by  an  enzyme  unaffected  by 
the  antiseptic  but  destroyed  by  the  heat. 
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Enzymes  of  the  lipolytic  class  occur  widely  distributed  in  nature, 
having  been  found  in  many  organs  and  secretions  of  the  body,  in  plants, 
especially  in  germinating  seeds  having  a  high  oil  content,  and  in  some 
of  the  molds. 

An  enzyme  could  be  produced  in  butter  in  one  or  both  of  two  ways: 
(1)  It  might  be  produced  in  the  milk  or  butter  itself  by  microorganisms, 
or  (2)  it  might  be  secreted  in  the  udder  with  the  milk  and  carried  over 
into  the  butter. 

(1)  £mynies  frommicroorganimun. — Of  the  plants  known  to  produce 
lipase,  only  the  molds  and  certain  bacteria  are  found  in  butt«r.  By 
filtering  milk  cultures  of  Bncilhuf  jtiwrewf-ng  llquefaciens  and  Oidlum 
lactU  through  a  Chaniberland  filU^r  and  adding  the  filtrate  to  butter 
fat,  Jensen '  obtained  a  slight  increase  in  the  acid  number,  due,  he 
thinks,  to  the  presence  of  lipase.  These  two,  as  well  as  the  true 
molds,  in  which  the  seci-etion  of  lipase  is  known  to  be  quite  common, 
are  aerobes  and  should  not  exist  in  butter  after  it  is  canned.  None 
of  this  class  of  oi^uisms  was  found  in  appreciable  numbers  in  any  of 
the  canned  butters  examined. 

Many  bacteria  isolated  from  series  5  and  :i2  were  tested  in  varioiis 
ways  for  fat-splitting  ability,  but  with  negative  results.  On  the  other 
band,  the  predominating  yeast,  T,  was  found  to  have  a  weak  but  dis- 
tinct lipolytic  action.  This  action  was  determined  by  adding  to  2i' 
c.  c.  of  sterile  butter  fat  6  to  8  c.  c.  of  a  culture  grown  five  or  six  days 
in  sterile  milk  at  30^  C,  mixing  thoroughly  by  shaking  in  cold  water, 
and  incubating  at  23^  C  The  acid  number  was  determined  from  time 
to  time,  using  a  separate  flask  for  each  determination,  and  making,  at 
the  same  time,  gelatin  plates  to  ascertain  the  purity  of  the  culture. 
The  rate  of  increase  of  free  acid  under  the^e  conditions  was  found  to 
be  as  follows: 

Tablb  IX.—IiicTeaie  oj  acid  numlHr  by  action  o/  T. 


I  Ah.'  Ill  I     Arid    i' 


Check  fiasks,  made  by  adding  sterile  milk  to  fat,  showed  no  increase 
ill  acidity.  In  this  set  action  of  the  living  cells  is  not  separated  from 
enzymic  action  that  may  be  present,  but  the  ability  of  this  Torula  to 
produce  a  lipolytic  enzyme  may  be  demonstrated  in  a  very  simple 
way.  A  small  amount  of  butter  fat  was  emulsified  with  melted  t^r 
and  a  loopful  transferred  to  a  flamed  cover  glass.  After  the  agar 
had  solidified  it  was  inoculated  by  transferring  on  the  point  of  a  plati- 
num needle  a   very   small   amount  of   agar   culture,  and  then  the 
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cover  glass  sealed  with  vaseline  on  a  drop-culture  slide.  In  twenty- 
four  hours  a  small  colony  had  developed  about  the  point  of  the  inocu- 
lation. By  observing  it  from  day  to  day  with  a  low  magnification,  the 
fat  droplets  in  the  vicinity  of  the  colony  could  be  seen  gradually  disin- 
tegrating until,  after  several  days,  it  was  surrounded  for  some  little 
distance  by  a  clear  zone.  This  is  also  shown  by  the  effect  on  butter 
fat  of  an  old  milk  culture  in  which  the  action  of  the  cells  was  elimi- 
nated by  the  addition  of  an  antiseptic.  A  culture  was  grown  in  milk 
one  month  under  favorable  temperature  conditions,  one  portion  heated 
ten  minutes  at  80^  C-  and  formaldehyde  added  to  each  part  in  the  pro- 
portion of  1: 1500.  Fat  previously  heated  in  a  steam  bath  was  added, 
the  mixture  sealed  in  small  flasks,  and  held  at  23°  C.  At  the  end  of 
seventy-one  days,  when  the  acidity  was  determined,  gelatin  plates 
showed  that  both  flasks  were  sterile.    The  results  follow: 

Table  X. — Showing  pretence  of  enzyme  in  culture  of  T. 
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There  was  a  slight  increase  in  the  acid  number  of  the  heated  check, 
caused  possibly  by  the  development  of  acidity  in  the  milk  culture 
before  the  addition  of  the  antiseptic,  or  by  the  splitting  of  the  small 
amount  of  fat  left  by  incomplete  skimming;  or  it  may  have  been*that 
the  enzyme  was  not  completely  destroyed  by  the  ten-minute  exposure 
to  80°  C.  More  recent  work,  not  incorporated  in  this  paper,  indicates 
that  the  latter  is  probably  the  correct  explanation.  In  any  c^tse  the 
marked  increase  in  the  acid  number  of  the  unheated  portion  could 
have  been  brought  about  only  by  the  elaboration  of  a  lipolytic 
enzj'me  by  T. 

Morphologically,  this  organism  is  an  elliptical-celled  Torula  yeast, 
budding  at  the  ends,  with  little  tendency  to  form  chains  or  clusters. 
In  young  cultures  the  cells  are  uniform  in  form  and  size,  usually 
varying  from  3,6  to  4,5  fi  long  by  1.8  to  2  /j  broad. 

Sugars  are  not  fermented.  Milk  at  30°  C  is  digested  very  slowly 
without  previous  curdling.  In  neutral  bouillon  cultures  it  is  destroyed 
by  an  exposure  of  ten  minutes  to  a  temperature  of  53°  C,  or  of  one 
minute  to  58°  C.  Colonies  do  not  develop  in  gelatin  containing  1.4 
per  cent  lactic  acid  nor  in  gelatin  containing  0.2  per  cent  butyric  acid. 
It  grows  readily  under  both  aerobic  and  anaerobic  conditions. 

The  ability  to  split  fat  docs  not  appear  to  be  a  constant  one,  but  varies 
with  some  unknown  factor,  possibly  some  slight  change  in  the  compo- 
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sition  of  the  media  that  would  affect  the  Dutrttion  of  the  cell.  Tbia 
yeast  may  multiply  in  butter  for  some  time  without  pi-oducing  any 
appreciable  change  in  the  acidity.  Mixtures  of  butter  fat  with  milk 
cultures  may  or  may  not  increase  in  acidity,  and  inoculation  experi- 
ments with  8t«rile  cream  butter  do  not  always  give  positive  results. 

In  making  inoculated  butter  the  cream  was  heated  sufSciently  to 
destroy  the  yeasts,  but  not  enough  to  secure  sterilization.  For  this 
purpose  4  liters  of  cream  were  heated  in  a  large  flask  ten  minutes  at 
60°  C,  and,  after  cooling,  inoculated  with  a  pure  culture  of  a  lactic 
acid  bacterium.  The  cream  was  divided,  and  to  one-half  wbk  added  a 
milk  culture  of  T.  On  the  following  day  it  was  churned  in  the  flasks, 
the  buttermilk  drained  oft  a^  thoroughly  as  possible,  and  the  butter 
washed  with  boiled  water.  It  was  then  melted  at  40°  C,  thoroughly 
mixed,  and  transferred  to  small  Erlenmyer  flasks.  It  was  necessary 
to  melt  the  butter  in  order  to  lessen  the  chances  of  contamination  in 
transferring,  and  to  pack  it  in  the  flasks  without  air  spaces.  It  was 
thoroughly  mixed  in  the  small  flasks  by  shaking  in  cold  water.  The 
flasks  were  held  at  23^  C,  and  a  separate  flask  used  for  each  examination. 

Tablb  XL  —  YrasU  and  fMdily  of  experimental  huUtr. 
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The  check  butter  remained  free  from  all  organisms  that  were  able 
to  gi'ow  on  an  acid  medium  and  showed  no  change  of  acidity.  In  the 
inoculated  butter  the  Torula  multiplied  and  maintained  a  high  number 
for  some  time,  but  without  causing  any  appreciable  change  in  the  acid 
number, 

A  second  lot  of  butter  made  under  very  similar  conditions  gave 
quite  different  results. "  About  3^  litere  of  fresh  cream  were  heated 
for  15  minutes  at  60^  C,  divided  into  equal  portions,  and  to  each  was 
added  200  e.  c.  of  a  pure  culture  lactic-acid  bacillus  grown  twenty-four 
hours  in  sterile  milk.  There  was  also  added  to  one  portion  200  c.  c. 
of  a  culture  of  T  that  was  grown  forty-eight  hours  in  sterile  milk. 
On  the  following  day  the  two  lots  were  churned  by  shaking  in  flasks, 
and  washed  and  drained  with  as  little  exposure  as  possible.  Salt  was 
added  in  the   proportion  of  1:48.     Both  portions  were  melted  in  a 

n  Fresh  cream  for  tliifl  purpose  was  Bupplieil  by  the  E>airy  Department  of  the  Mary- 
land Agricultural  ii:xperiinent  Station,  and  the  courtesy  is  hereby  acknowledged. 
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water  bath  held  at  iO°  to  45^^  C. ,  and  tranfiferred  to  Hmall  llaHks,  which 
were  sealed  with  paraffin.  The  butter  was  thorou^hlj  mixed  by  shak- 
ing in  cold  water  and  was  held  at  23^  C. 

Tablb  XII. —  YtatU  fintt  acidili/  of  experhnailat  buller. 
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There  was  in  this  case  a  marked  increase  in  the  acidity  of  the  inoc- 
ulated butter.  The  Torula  T  was  found  to  be  present  in  each  of  the 
four  inoculated  fla-sks,  while  the  check  flasks  were  entirely  free  from 
yeasts.  The  acidity  of  the  check  butter  increased  slightly  from  the 
low  initial  number,  but  remained  stationary  at  about  the  normal  acid 
number  of  fresh  butter. 

This  particular  organism  which  we  have  found  capable  of  increas- 
ing the  acid  number  of  butter  may  be  considered  as  a  type  of  a  class 
that  may,  under  certain  conditions,  grow  in  canned  or  pa(;ked  butter 
and,  by  the  secretion  of  a  fat-splitting  enzyme,  bring  about  undesira- 
ble changes.  The  yeasts  and  the  related  species  of  the  Torula,  Oidium, 
and  Monilia  type  are  widely  distributed  and  need  only  certain  favora- 
ble conditions  for  rapid  multiplication. 

The  butter  of  series  66  probably  gives  us  an  example  of  a  decompo- 
sition due  entirely  to  the  action  of  organisms  of  this  class.  This  but- 
ter was  made  from  cream  heated  to  82^  to  85*^  C.  in  a  continuous 
pasteurizer  at  skimming  stations.  This  temperature  would  exclude 
the  possibility  of  a  milk  enzyme,  and  the  enzyme  which  was  evidently 
present  must  have  been  produced  after  the  pasteurization  by  some  of 
the  fat-splitting  yeasts  or  molds. 

The  anaerobic  forms,  such  as  the  Torula  under  consideration,  would 
find  especially  favorable  conditions  in  the  highly  acid  starters  com- 
monly used  in  creameries.  The  yeasts  as  a  class  are  favored  by  an 
acid  medium,  and  would  not,  like  the  great  majority  of  bacteria,  be 
checked  by  the  formation  of  lactic  acid  by  the  sugar-fermenting  bac- 
teria. They  are  even  more  resistant  to  lactic  acid  than  the  lactic  acid 
bacteria,  and  would  thrive  in  milk  after  the  latter  had  been  destroyed 
by  the  results  of  their  own  metabolism.  On  the  other  hand,  we  have 
seen  that  this  Torula  is  apparently  quite  sensitive  to  some  of  the  fatty 
acids,  such  as  butyric,  and  its  growth  in  butter  would  doubtless  soon 
be  checked  by  the  piesence  of  free  acids  of  this  class.  In  view  of 
their  weak  fat-splitting  ability  and  their  presence  in  canned  butter  in 
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comparatively  small  numbers,  this  class  of  organisms  can  hardly  be 
considered  as  the  only  cause  of  the  uniform  increase  in  acidity  which 
has  been  found  to  occur  in  canned  butter. 

(2)  Emy)nen  from  the  milk. — Mafan  and  Gilett"  have demonsti«ted 
the  presence  of  a  lipolytic  enzyme  in  cow's  milk.  Spolverini"  con- 
firmed the  results  obtained  by  Mafan  and  Gilett,  and  showed  that  the 
fat-splitting  activity  of  cow's  milk  in  much  weaker  than  that  of  humao 
milk  and  of  certain  animals. 

To  test  the  action  of  this  enzyme  on  butter  fat,  fresh  milk  was 
obtained  from  a  healthy  cow  at  the  Experiment  Station  of  this  Bureau. 
Part  of  this  was  heated  twenty  minutes  at  95'  to  99=  C,  and  formalde- 
hyde added  to  each  portion  int  he  proportion  of  1:1,250.  An  equal 
volume  of  butter  fat,  which  had  been  pi-eviously  heated  thirty  minutes 
at  95^  to  99^  C,  was  mixed  with  the  milk  by  shaking  in  cold  water 
and  both  flanks  incubated  at  30°  C  Gelatin  plates  made  at  the  end  of 
thirteen  and  nineteen  days  showed  both  flasks  to  be  nearly  sterile. 
The  results  of  the  acidity  determinations  are  given  in  the  table 
following: 

Table  XIII. — Increate  of  acidity  by  milk  aa^/mt. 
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The  acid  number  of  the  heated  chock  portion  remained  unchanged, 
while  that  of  the  unheated  milk  increased  distinctly,  indicating  the 
activity  of  an  enzyme  secreted  with  the  milk. 

An  enzyme  would  doubtless  be  caiTied  over  into  the  butter,  and, 
although  present  in  small  amounts,  would  be  able  to  bring  about  the 
slow  decomposition  already  noted  as  occurring  in  canned  butter. 

In  order  to  determine  the  direct  effect  of  this  enzyme  on  butter  a 
small  lot  of  butter  was  made  in  the  laboi'atory  under  conditions  that 
excluded  the  possible  action  of  organisms.  About  3  liters  of  cream, 
separated  from  morning's  milk,  were  carried  at  once  to  the  labomtory," 
divided  into  equal  parfcs,  and  the  enzyme  in  one-half  destroyed  by 
holding  at  60"^  0.  for  fifteen  minutes.  Each  portion  wascooled  to  12^^ 
to  13^  C.  and  churned  in  a  large  flask,  washed  in  distilled  water  and 
thoroughly  drained.  They  were  then  melted  in  a  water  bath  held  at 
45^  0.  and  salted  in  the  proportion  of  1:24.  Formaldehyde  was  added 
to  each  portion  so  that  the  butter  would  contain  approximately  1  part 
formaldeliyde  in  1.5<H)  parts  of  water.     This  butter  was  all  held  in 

"There  was  necessarily  an  interval  uf  several  hours  between  milking  and  the  time 
ol  use  in  lalwratory.  The  possibility  of  the  elaboration  ot  an  enzyme  by  micro- 
oisHiiisiiis  was  reduced  to  a  minimum  by  holding  the  cream  at  a  low  temperature. 
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small  sealed  flasks  at  23*^  C.  The  acid  number  of  each  portion  was 
determined  at  the  time  the  butter  was  made,  at  the  end  of  forty-eight 
days,  and  again  at  the  end  of  ninety-two  days. 


Table  XIV .—Shmmng  ir. 
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The  increase  in  acidity  of  the  unhcated  portion  was  smalt  but  still 
sufficient  to  show  a  distinct  lipolytic  action  which  would  in  time  bring 
about  all  the  acidity  found  in  ordinary  canned  butter. 

In  the  experimental  butter  given  in  Table  XI  the  milk  enzyme  was 
evidently  destroyed  by  the  exposure  of  ten  minutes  to  60°  C.  The 
optimum  temperature  for  lipase  is  given  by  Green"  as  55°  C,  but 
this  is  evidently  too  high  for  the  lipolytic  enzyme  of  milk.  The  ther- 
mal death  point  of  this  enzyme  was  determined  by  immersing  a  small 
flask  containing  15  c.  c.  of  milk  in  a  water  bath  and  holding  it  at  a 
definite  temperature  ten  minutes.  At  the  end  of  this  tjme  it  was 
cooled  at  once,  formaldehyde  added  in  the  proportion  of  1:1,200,  and 
the  milk  mixed  with  30  c.  c.  of  butter  fat.  These  flasks  were  held  at 
23°  C.  and  the  acid  number  determined  at  the  end  of  thirty-one  days. 
The  results  were  as  follows: 

Table  XV. — Thermal  death  point  of  ■milk  emyjiie  indicated  by  add  numbert. 
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An  exposure  of  ten  minutes  to  45°  0.  materially  weakened  the 
enzyme,  and  at  60°  C.  it  was  entirely  destroyed.  It  is  probable  that 
more  careful  work  along  these  lines  will  show  distinct  diflferences 
between  lipolytic  enzymes  from  different  sources. 

In  arranging  this  paper  only  those  results  are  included  which  show 
clearly  the  points  under  consideration.  In  addition  to  these,  there 
has  been  obtained  a  considerable  volume  of  results  confirming  those 
incorporated  in  this  paper. 

APPLICATION   OF   THESE   BE3ULTS. 

In  preparing  butter  that  is  to  be  held  for  any  extended  period  of 
time,  especially  if  it  is  intended  for  consumption  in  a  warm  climate, 
it  is  not  sufficient  that  it  be  merely  hermetically  sealed.     This  will 
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prevent  the  development  of  the  aerobic  forms  csusinfif  the  rapid 
increase  of  acidity,  but  will  not  exclude  certain  anaerobic  yeasts  which 
may,  under  certain  circumstances,  produce  a  slow  deTelo[Hnent  of 
acidity,  nor  the  action  uf  the  f&t-splitting  enzjnne  carried  into  the 
butter  from  the  milk. 

In  order  to  remove  these  two  factors,  the  milk  or  cream  should  be 
pasteurized  at  a  temperature  high  enough  to  destroy  the  enzyme,  and 
the  starter  should  be  prepared  and  maintained  in  such  a  way  that  the 
danger  of  contamination  by  yeasts  will  be  minimized.  The  life  of 
unpasteurized  butter  will  he  much  prolonged  by  holding  it  at  a  low 
temperature,  thus  retarding  the  action  of  the  enzymes. 

It  is  well  known  among  butter  dealers  that  packed  butter,  when 
removed  from  cold  storage  and  held  at  a  higher  temperature,  com- 
monly develops  an  undesirable  flavor,  usually  described  as  "fishy." 
This  is  frequently  ascribed  to  tiie  sudden  change  from  a  low  to  a  high 
temperature,  but  it  is  much  more  satisfactorily  explained  by  the 
activity  of  the  fat-splitting  enzymes.  This  phase  of  the  question  will 
be  taken  up  and  will  be  the  subject  of  a  future  report. 


The  early  investigations  were  conflicting,  but  pointed  to  the  inoport- 
ance  of  light,  moisture,  heat,  oxygen  of  the  air,  and  microorganisms 
as  factors  in  causing  the  undesirable  changes  in  butter. 

Recent  work  by  Jensen  shows  that  light,  heat,  and  moisture  are 
unimportant  factors,  and  that  air  is  to  be  considered  only  as  the 
source  of  oxygen  for  certain  aerobic  organisms,  which  are  the  real 
cause  of  the  d'^composition  bf  butter  fat.  This  explains  the  changes 
in  ordinary  butter,  but  not  those  of  butter  packed  in  large  tubs  or  in 
sealed  cans. 

The  examination  of  old  canned  butter  shows  a  marked  change  in  the 
texture  and  flavor  accompanied  by  a  comparatively  small  increase  in 
the  acid  number,  that  is,  in  the  amouot  of  free  aeid  liberated  by  the 
breaking  up  of  glycerides.     (Table  I.) 

Only  a  few  micioorganisms  were  found,  nearly  all  belonging  to  the 
resistant  spore-forming  group  of  bacteria. 

The  causal  relation  of  physical  agents,  as  heat  and  moisture,  to  this 
change  is  excluded  by  the  fact  that  sterile  butter  held  for  one  hundred 
days  at  23^^  C.  showed  no  increase  in  acidity. 

Two  lots  of  canned  butter,  received  when  aliout  seven  days  old, 
were  held  at  room  temperature  and  examined  from  time  to  time  in 
regard  to  their  condition,  acidity,  and  bacterial  content  The  condition 
changed  slowly,  showing  when  about  twenty-five  days  old  a  distinct 
"off"  flavor,  which  increa.sed  in  intensity,  until,  at  two  hundred 
and  ninety-seven  days  in  one  case  and  two  hundred  and  fifty-one  in 
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the  other,  there  was  a  disagreeable  "  fishy  "  flavor  and  a  strong  pene- 
trating odor.  There  was  a  correspODdingly  slow  increase  in  the  acid 
number.    (Tables  III  atid  V.) 

The  flora  in  each  case  was  made  up  almost  entirely  of  bacteria  of 
the  lactic-acid  forming  class  with  a  comparatively  small  number  of 
Torula  yeasta  and  a  few  liquefying  bacteria.  Both  the  lactic  group 
and  the  yeasts  decreased  rapidly,  until  at  the  end  of  about  one  hun- 
dred days  there  were  present  only  a  few  spore-forming  bacteria, 
mostly  of  the  liquefying  group.     (Tables  IV  and  VI,) 

Since  the  change  in  the  acidity  and  flavor  went  on  steadily  after  the 
bacteria  had  pra'^tically  disappeared,  it  could  not  have  been  brought 
about  by  the  direct  action  of  the  living  cells. 

This  leaves  as  the  most  probable  cause  the  action  of  fat-splitting 
enzymes. 

The  presence  of  an  enzyme  was  shown  by  the  increase  of  acidity  in 
butter  in  which  the  action  of  organisms  was  suppressed  by  an  antiseptic, 
while  the  heated  check  portion  remained  unchanged.    (Table  VIII.) 

An  enzyme  could  be  introduced  into  butter  through  its  elaboration 
by  organisms  in  the  butter  itself,  or  in  the  milk  from  which  the  butter 
was  made,  or  by  its  secretion  with  the  milk  in  the  udder. 

The  pi-edominating  species  of  yeasts  in  the  butter  examined  was  a 
Torula  forming  a  fat-splitting  enzyme.  This  strongly  increased  the 
acidity  of  butt«r  made  under  experimental  conditions,  and  probably 
represents  a  tj'pe  of  anaerobic  organisms  that  may  under  certain 
conditions  elaborate  sufficient  enzyme  to  produce  a  slow  change. 
(Table  XII,) 

The  presence  of  a  fat-splitting  enzyme  in  cow's  milk  has  been 
repoi-ted.  Its  influence  on  the  acidity  of  butter  is  shown  by  the 
increase  in  the  acid  number  of  an  experimental  butter  which  was 
made  from  fresh  unheated  cream,  and  in  which  the  action  of  organisms 
was  suppressed  by  the  addition  of  formaldehyde.  A  check  portion, 
made  under  identical  conditions,  except  that  the  enzyme  was  destroyed 
by  heat,  remained  unchanged.     (Table  XIV.) 

It  appears  from  this  record  of  investigation  that  the  only  rational 
conclusion  is  that  the  changes  which  ordinarily  occur,  or  which  first 
occur,  in  canned  butter,  destroying  its  fine,  fresh  flavor  and  producing 
other  flavors  more  or  less  disagreeable,  are  due  to  the  liberation  of 
free  acid,  caused  mainly,  if  not  wholly,  bj'  the  action  of  an  enzyme, 
which,  produced  in  the  milk  or  secreted  with  the  milk  in  the  udder  of 
the  cow,  is  carried  over  into  the  butter;  or  are.  In  some  cases  at  least, 
produced  in  the  butter  itself  through  the  activity  of  certain  micro- 
organisms. It  seems  reasonable  to  presume  that  the  same  agents,  the 
enzymes  of  the  milk  acting  alone  or  in  conjunction  with  the  yeasts  and 
their  resulting  enzymes,  are  responsible  for  the  so-called  "  fisby  "  flavor 
in  butter  packed  in  large  but  unsealed  vessels. 
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LEHER  OF  TRANSMITTAL. 


IT.  S.  Department  of  Agrictjlturb, 

Bureau  of  Animal  Industry, 
Washington,  D.  C,  February  4,  1904. 
Sir:  I  have  the  honor  to  transmit  herewith  the  manuscript  of  an 
article  on  "The  fat  testing  of  cream  by  the  Babcoek  method,"  pre- 
pared by  Ed,  H.  Webster,  inspector  and  dairy  expert,  under  the 
direction  of  Henry  E.  Alvord,  Chief  of  the  Dairy  Division  of  this 
Bureau. 

It  is  evident  from  investigations  conducted  in  the  field  in  connection 
with  the  gathering  of  data  for  this  volume  that  much  misapprehen- 
sion existe  in  regard  to  the  proper  way  of  making  the  Babcoek  test 
with  cream,  and  that  loose  and  inaccurate  methods  of  doing  the  work 
are  universally  in  vogue.  This  matter  becomes  of  much  importance 
when  laif;e  operatious  are  involved,  consequently  the  information  and 
directions  submitted  in  the  following  pages  are  of  value  to  creamery 
men  and  others  interested  in  the  subject.  I  therefore  recommend 
the  publication  of  the  work  as  Bulletin  No.  58  of  the  series  of  this 
Bureau. 

Respectfully,  D.  E,  Salmon, 

Ch  ief  of  Bu  rca  u . 
Hon.  James  Wilson,  Secretary. 
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THE  FAT  TESTING  OF  CREAM  BY  THE 
BABCOCK  METHOD. 


By  Ed.  H.  Webstkr, 
Special  Agent  and  Dairy  Expert. 


INTRODUCTION. 

lavestigatioDET  made  during  tbe  Bummer  of  1003  anionic  the  Inrge 
ocntralizing  creamery  plants  in  Iowa,  Missouri,  Kansas,  Nebraska, 
and  Colorado  revealed  some  surprising  facts  in  regard  to  the  general 
practice  of  handling  the  Babeock  metho<l  in  cream  testing.  It  would 
seem  that  a  Hubjecl  which  has  had  so  much  attention  given  it  from 
exi>eriment  stations  and  practical  creamery  men  everywhere  would 
have  been  thoroughly  familiar  to  everyone  in  the  creamery  business. 
The  investigations  showed  quite  the  contrary.  Men  who  used  the 
test  daily  were  found  to  be  at  fault  in  many  particulars,  and  in  some 
instances  not  the  first  idea  of  the  principle  underlying  the  method 
seemed  to  be  in  the  mind  of  the  operator.  Much  of  this  has  grown 
out  of  carelessness  on  the  part  of  the  user  and  mnch  is  due  to  improper 
instruction  given  for  the  use  of  the  test  as  applied  to  cream.  These 
difficulties  and  the  discrepancies  resulting  therefrom  led  to  a  more 
thorough  examination  of  the  whole  subject  of  cream  testing  by  the 
method  named,  and  it  is  the  purpose  of  this  bulletin  to  give  the  result 
of  these  investigations.  It  will  be  necessary  to  go  over  the  entire 
field  and  follow  each  step  in  detail  to  insure  any  completeness  in  the 
discussion  of  this  subject.  Therefore  some  things  may  be  repeated 
which  may  not  seem  necessarj',  but  there  will  be  enough  new,  at  any 
rate  to  most  users  of  the  test,  to  make  the  subject  as  a  whole  inter- 
esting. 

It  may  be  stated  that  a  lai^  part  of  the  creamery  men  are  gradually 
departing  from  the  rules  for  operating  the  Babeock  test  as  prescribed 
by  standard  works  on  the  subject.  There  are  various  reasons  for 
this,  but  uppermost  is  the  shortage  which  these  creameries  are  experi- 
encing in  the  overrun  or  churn  yield.  In  many  cases  the  test  is  read 
lower  than  the  instructions  would  warrant,  and  in  others  the  methods 
of  sampling  and  measuring  the  cream  into  the  test  bottle  are  modified 
in  one  way  or  another.    In  practically  all  cases  this  is  not  done  with 
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any  thonghtof  "robbing  the  patron,"  as  the  phrase  is  commonly  put, 
bat  it  is  done  with  a  conviction  that  present  methods  are  somewhere  at 
fault,  and  the  attempt  is  made  to  even  things  up  and  stilt  give  ever>'- 
body  his  due. 

Instances  were  found  where  the  creamery,  as  operated  under  the 
hand-separator  system,  was  getting  considerably  less  butter  from  lOO 
pounds  of  butter  fat  from  cream  than  they  had  formerly  obtained 
from  the  same  measure  under  the  whole-milk  system.  This  seemed 
to  indicate  plainly  that  the  method  of  testing  was  at  fault,  for  it  was 
justly  argued  that  100  pounds  of  butter  fat  should  make  the  same 
amount  of  butter,  whether  bought  as  cream  or  as  whole  milk. 

With  this  brief  introduction  to  an  old  but  exceedingly  important 
question,  the  manipulation  of  the  test  will  be  described  in  detail, 
faults  will  be  noted,  and  better  methods  suggested.  Illustrations  as 
to  what  the  results  of  some  practices  are  in  dollars  and  cents  are 
included  in  order  to  emphasize  the  importance  of  very  careful  work 
by  the  man  who  is  doing  the  testing. 

The  three  vital  points  in  making  a  test  are:  (1)  A  true  sample  of 
the  cream  to  be  tested;  (2)  an  exact  quantity  of  the  sample  in  the 
test  bottle;  (3)  reading  the  test  accurately.  These  three  stat«ments 
seem  simple  enough  at  first  glance,  but  they  are  more  complex  in 
actual  practice,  as  many  a  creamery  man  has  been  brought  to  believe 
when  the  month's  business  was  checked  up. 

A  TRUE   SAMPLE   OF  THE   CREAM   TO  BE  TESTED. 
CUHTOM  OF  DELIVERING  CREAM  AT  STATIONS. 

It  is  the  custom  of  the  patrons  of  the  Western  creameries  to  bring 
their  cream  to  the  factory  or  lo  the  cream-receiving  station  in  any 
sort  of  vessel,  from  a  1-galIon  molasses  pail  to  a  10-gallou  milk  can. 
The  molasses  pall  may  be  filled  completely  full,  and  the  milk  can  may 
have  but  8  to  10  pounds  in  it.  In  the  one  case  the  pail  is  so  full  that 
the  cream  can  not  be  stirred  without  spilling,  and  in  the  other  it  is  so 
far  down  from  tlie  top  of  the  can  and  the  cream  is  spread  out  so  thin 
over  the  bottom  that  it  is  often  difficult  to  get  a  proi>er  sample  after 
it  is  stirred.  Tliese  eases  are  not  ideal,  but  they  are  given  as  they 
are  Found  in  the  field,  and  it  is  in  the  field  that  the  testing  is  done. 

The  territory  in  whicli  these  investigations  were  made  has  two 
extremes  of  weather — hot,  sultry,  summer  days,  when  the  thermome- 
ter hovers  around  HH)°  F.  in  tlie  shade  and  125°  or  130"  F.  on  the 
creamery  or  receiving-station  platform;  and  the  cold,  blizzardy  days 
of  winter,  when  the  station  or  creamery  is  the  coldest  place  in  the 
country  except  the  back  of  the  buggy  in  which  the  patron's  can  has 
been  tied  for  its  ride  to  the  station.  These  two  extremes  of  weather 
present  their  problems  to  the  man  wlio  is  going  to  sample  the  cream, 
and  they  are  quite  different  in  character. 
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The  cream  is  received  in  all  kinds  of  places;  it  may  be  in  an  ideal 
creamery  or  receiving  station ;  it  may  be  in  the  back  end  of  a  store  of 
some  sort,  without  hot  water  or  boat  of  any  kind ;  or  it  may  be  on  the 
ront«  wagon,  with  the  sampling  to  be  done  by  the  route  driver.  All 
these  methods  are  in  accordance  with  the  facts  and  have  to  be 
considered. 

THOROnOH  UNIPORHITY  OP  THE  CREAM. 

When  the  can  of  cream  arrives  at  the  weigh  platform,  there  are 
tome  things  of  importance  to  be  noted.  If  the  patron  has  used  water 
to  flush  or  wash  out  the  last  of  the  cream  after  separating,  in  most 
cases  this  water  would  be  in  a  layer  on  the  bottom  of  the  can.  It  is 
possible  that  thorough  stirring  at  the  farm  would  overcome  this  diffi- 
culty, but  usually  this  stirring  is  not  done,  and  the  water  is  in  the 
bottom  of  the  can.  The  portion  richest  in  butter  fat  is  on  top,  and 
there  is  a  gradation  which  varies  with  every  inch  of  depth  from 
this  richest  cream  down  to  the  water.  The  cream  may  be  thick 
because  of  the  great  amount  of  butter  fat  in  it,  it  may  be  thick 
because  it  is  sour,  or  it  may  be  thick  from  age.  The  flrst  and  most 
important  thing  in  getting  a  true  sample  in  any  of  these  cases  is  to 
make  the  cream  to  be  sampled  uniform  throughout  in  richness  and  in 
physical  condition.  If  this  is  not  done,  the  first  step  has  gone  wrong, 
and  every  succeeding  stop  will  be  wrong  just  to  that  extent.  The 
final  result  will  be  wrong,  and  in  nearly  every  case  the  creamery  is 
the  loser  and  the  patron  the  gainer. 

This  uniformity  of  the  cream  can  best  be  obtained  in  either  of  two 
ways — pouring  or  stirring.  It  can  never  be  properly  done  by  shaking. 
Pouring  from  one  can  to  another  is  the  best  way  to  do  it.  At  most 
receiving  platforms  there  is  nothing  at  hand  but  the  ordinary  5,  8,  or 
10  gallon  milk  cans.  These  cans  have  a  narrow  neck  and  cause  a  waste 
of  time  and  of  cream.  They  waste  time  because  the  cream  has  to  be 
poured  slowly,  and  yet  there  is  always  a  tendency  to  hurry,  so  that  a 
little  cream  is  often  spilled.  Two  or  more  cans  should  be  provided 
for  this  purpose.  They  should  have  straight  sides  and  a  top  entirely 
open,  ft  good  heavy  bail,  and  a  large  hand-hold  near  the  bottom  for 
grasping  to  tip  and  empty  them.  If  the  cream  is  to  be  poured  directly 
into  cans  for  shipping,  the  pouring  can  should  have  one  side  elongated 
like  the  "nose"  of  a  pitcher  or  coffeepot.  A  can  of  this  sort  should 
hold  either  6  or  12  gallons,  so  as  to  give  plenty  of  space  to  empty  a  6, 
an  8,  or  a  10  gallon  can  of  cream  without  overflowing. 

If  the  patron's  cans  are  not  filled  too  full,  the  uniformity  of  the 
cream  may  be  insured  by  using  a  stirring  rod  in  the  patron's  can. 
Stir  vigorously  for  a  few  moments.  This  rod  should  be  made  of  good 
heavy  wire  with  a  disk  of  tin  from  3^  to  4  inches  in  diameter  securely 
soldered  to  the  lower  end.  This  disk  should  have  a  slight  cup  shape 
and  the  rod  soldered  to  the  inside  center  of  the  cup.    A  good  hand- 
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hold  should  be  bent  on  the  other  end  of  the  wire.  Make  the  rod  long 
euoiifth  to  work  t.o  the  bottom  of  a  lO-gallon  can.  Stirring  is  not  so 
good  aa  pouring,  however,  and  the  safest  way  is  to  poor  the  eream 
and  then  use  the  stirring  rod  a  moment  in  addition. 

Thene  methods  will  answer  the  purpose  in  every  case  except  three: 
(1)  The  cream  may  be  so  thick  it  will  not  ponr,  (2)  it  may  be  frozen, 
or  (3)  it  may  bo  churned.  Warm  the  thick  cream  until  it  will  pour. 
If  no  heat  is  available  for  this  M'ork,  the  ci'eamery  operator  will  have 
to  make  a  guess  at  the  richness  of  the  cream,  or  test  it  and  probably 
overestimate  the  amount  of  butter  fat  it  contains.  When  the  cream 
freezes.  It  is  the  water  which  crystallizes  out,  leaving  the  richer  part 
of  the  cream  in  the  center  of  the  can.  If  a  teat  ia  made  of  this  cen- 
tral portion  the  result  may  be  from  1  to  20  per  cent  too  high.  It  must 
be  thoroughly  thawed  out  and  mixed.  When  the  cream  is  churned, 
if  such  cream  is  received  at  all,  test  the  buttermilk  and  estimate  the 
butter. 

HKTHODS  OF  H.tHFUNO. 

After  insuring  a  uniform  mixture  of  the  cream,  there  are  two 
general  methods  in  nae  for  taking  the  sample— the  dipper  and  the 
sampling  tube.  If  thoi-oiigh  work  has  been  done  in  the  first  step,  a 
small  i>ortion  dipped  from  thecream  will  bea  fair  representative  of  it, 
A  dipper  about  the  size  of  a  No.  ID  shotgun  sliell  ia  the  moat  common 
in  use.  If  the  sample  is  to  be  tested  at  once,  enough  cream  s'lould 
be  taken  to  make  two  teats.  This  insures  enough  cream  for  a  second 
test  should  any  accident  occur  to  the  first.  If  a  composite  sample  is 
kept,  a  smaller  amount  should  be  taken. 

If  the  sampling  tube  ia  employed,  it  should  be  lowered  slowly  through 
the  cream,  with  the  top  end  open,  .so  that  it  may  fill  just  as  fast  as  it 
is  lowered.  When  it  reaches  the  Iwttom,  place  the  thumb  tightly  over 
tiie  top  of  the  tube  and  lift  it  out.  The  rich  cream  from  the  top  of 
the  can  will  adhere  to  the  oiit«ide  of  the  tube.  Instances  have  been 
noted  where  the  operator  rubbed  this,  or  a  portion  of  it,  into  the  sample 
jar.  The  effect,  of  coui-se,  is  to  give  too  high  a  test.  The  tube,  in 
order  to  work  best,  should  be  hot  when  it  is  put  into  the  cream.  This 
will  help  the  cream  to  flow  readily  into  it  and  will  also  prevent  its 
sticking  to  the  outside,  and  the  general  result^s  will  be  better.  Keep 
the  tube  under  a  small  steam  jet,  and  just  before  using  blow  it  out 
with  steam.  This  will  prevent  anj'  cream  from  the  previous  test  from 
influencing  the  one  about  to  be  made  and  will  insure  the  tube  being 
used  hot.  In  the  absence  of  steam  pour  hot  water  through  the  tube. 
The  tube  sampler,  if  properly  handled,  is  the  preferable  way  to  secure 
the  sample.  It  takes  a  proportional  part  and  is  the  surest  to  give  a 
just  result  when  the  cream  is  not  thoroughly  mixed. 
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The  amount  of  cream  used  iu  making  up  composite  samples  for  a 
large  number  of  patrons  runs  pretty  well  up  in  value  when  it  is  com- 
puted. If  a  half-pint  sample  is  taken  for  each  of  1,000,  patrons, 
this  is  equal  to  500  pounds  of  cream.  Each  sample  will  take  a  lit- 
tle less  than  20  e.  c.  if  a  full  18-gram  charge  is  used.  For  1,000 
patrons  this  will  re^iuire  20  pounds  of  cream,  leaving  480  pounds  to  be 
thrown  away  because  of  the  corrosive  sublimate  or  other  preservative 
added  to  it.  If  the  average  test  be  3o  per  cent,  the  amount  of  butter 
fat  lost  will  be  168  pounds,  which  at  '20  cents  per  pound  amounts. to 
t33.G0  per  thousand  patrons.  Should  this  occur  twice  a  month,  the 
loss  per  thousand  for  a  month  will  be  $67.20.  If  there  are  10,000 
patrons,  as  is  the  case  with  some  creameries  in  the  West,  this  loaa 
amounts  to  $G72  per  month,  which  is  well  worth  looking  after. 

Observations  in  the  field  were  to  the  effect  that  in  many  instances 
samples  were  dipped  from  the  top  of  the  can  without  stirring  or  pour- 
ing; this  doubtless  checked  up  with  an  unpleasant  toss  for  these  sta- 
tions at  the  end  of  the  month.  One  instance  was  observed  where  the 
tube  sampler  was  u.sed  without  stirring  or  pouring  the  cream  previous 
to  its  use;  the  result  would  be  the  same  as  whei'O  the  sample  was 
dipped  from  the  top  of  the  cau.  The  tube  always  lets  a  little  run 
back  into  the  can  before  the  weight  of  the  cream  is  balanced  by  tlie 
vacuum  created  at  its  upper  end;  the  small  amount  which  thus  runs 
back  is  nearly  all  water  or  very  thin  cream.  This  water  is  weighed 
aa  cream  and  the  patron  given  credit  for  it;  the  sample  thus  taken  is, 
therefore,  not  a  true  one  and  the  analysis  shows  too  high  a  percent- 
age of  fat. 

If  a  tester,  by  careless  methods  of  sampling,  makes  hia  average 
test  one-half  of  1  per  cent  too  high,  the  result  will  bo  astonishing. 
This  amounts  to  5  pounds  of  butter  fat  per  1,000,  and  at  a  creamery 
making  5,000  pounds  of  butter  per  day  the  loss  would  be  25  pounds, 
or  #5  per  day,  figured  at  20  cents  per  pound;  in  a  creamery  making 
20,000  pounds  per  day  it  amounts  to  $20  per  day.  Combine  this  with 
the  loss  previously  mentioned  and  it  means  a  total  loss  of  over  $900 
per  month,  if  there  be  5,000  patrons  and  a  make  of  20,000  pounds  of 
butter  per  day.  These  losses  have  actually  occuired  in  many  instances 
at  the  almve  ratio  per  thousand  patrons. 

AN  EXACT  QUANTITY   OF  THE  SAMPLE  IN  TEST  BOTTLE. 

There  are  two  general  methods  of  procedure  in  practice  after  secar- 
ing  the  correct  sample,  namely,  by  testing  each  delivery  as  it  is  ma«1e, 
or  by  making  a  composite  sample,  which  is  tested  each  week  or  semi- 
monthly, or  in  some  cases  only  once  a  month. 
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This  is  for  many  reasons  a  better  method  than  taking  a  composite 
sample.  The  creatn  is  in  better  condition  to  test.  There  is  no  chance 
for  loss  by  evapomtion,  and  an  absolute)  check  can  be  kept  upon 
the  work  each  day.  The  chief  objections  to  it  are  the  extra  time 
and  great^tr  amount  of  acid  required  for  doing  the  work.  (Details  of 
measuring  the  sample  are  taken  up  after  the  discussion  of  the  com- 
posite sample,  as  they  apply  to  both  alike.) 

THE  COMPOSITB  SAMPLE. 

There  are  several  things  leading  up  to  the  meaaaring  of  the  sample 
into  the  test  bottle  which  will  be  considered  first,  as  they  have  a,  direct 
bearing  on  the  hnsi  result. 

The  sample  jiir. — When  a  composite  sample  is  kept,  the  sample  jar 
is  of  great  importance.  It  must  have  a  perfectly  tight  cover  to  pre- 
vent evaporation.  The  amount  of  evaporation  that  may  take  place 
is  shown  by  the  following  data  taken  from  the  testing  i-oom  of  a  large 
Western  creamery: 

TABI.E  1.— Effects  of  evaporation  under  varying  conditions  of  jar  covers. 


CoDdiUon  of  Jar  I'ove 


Perc«Dtof  fstoi 


™lu" 

Nov.  18. 

Percent. 

sa,2 

W. 

1MI.R 

HS. 

a. 

70.4 

3H. 

110.8 

88. 

86. 8 

W. 

m4 

37. 

HO.M 

x.s 

1!7, 

aj. 

110.  K 

ei. 

IS. 

70.4 

sn. 

140.  S 

27, 

BS-2 

88. 

7a4 

m. 

140.8 

fit. 

as.2 

3. 

TO.4 

4. 

140.8 

38,1! 

8. 

71),  4 

3. 

140.8 

a. 

S5.8 

4,' 

a.. 

140.8 

4.0 
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The  jars  used  Id  the  above  test  were  the  onlinary  half-pint  sample 
javs  used  for  conii>osit©  SHmples.  The  covers  were  the  "Lightning" 
pattern.  The  jars  dasMed  a»  "tight  cover"  were  in  good  repair  and 
the  covers  as  tight  as  such  jcrs  usually  are.  The  "loose-cover" 
jars  had  covers  that  did  not  fit  welt  and  were  left  t^oniewhHt  loone. 
The  "no-cover"  jars  were  entirely  open.  Each  jar  tontaim^d  the 
number  of  cubic  centimeters  of  cream  reconled  under  the  heading 
"Quantity  of  cream  or  milk."  On  November  i;J  the  cream  was  tested 
and  put  into  the  bottles.  This  teat  is  recorded  nnder  the  dale  named. 
On  November  27  and  December  4  the  samples  were  again  tested,  and 
the  recordu  of  thoHc  tests  appear  under  these  dates. 

These  data  are  worthy  of  considerable  study.  The  covers  that  were 
supposed  to  be  tight  evidently  were  loose  enough  to  let  out  some 
moisture.  The  smaller  samples  show  the  greatest  loss.  Those  marked 
"Sample  dried"  were  so  dried  out  that  they  could  not  be  tested  at 
all.  The  sample  jars  can  not  be  too  carefully  looked  after,  and  yet 
it  is  no  uQcommoii  thing  to  see  jars  containing  samples  without  cov- 
ers or  with  very  imperfect  ones. 

The  result  of  such  practices  is  inevitable.  The  creamery  will  lose 
money  and  will,  in  all  probability,  never  know  how  it  occurred. 

Preserving  the  sample. — The  average  sample  in  which  a  preserva- 
tive tablet  has  been  placed  shows  the  weakness  of  the  methods  of  pre- 
serving that  are  commonly  in  vogue.  A  bright-red  sjKit  appears 
where  the  tablet  lay  in  the  bottle,  the  rest  of  the  cream  being  in  no 
way  affected  by  the  tablet.  Such  a  method  is  a  waste  of  tablets,  and 
the  cream  sample  is  practically  in  the  same  shape  it  would  have  been 
had  no  attempt  been  made  to  preserve  it.  The  cream  is  usually  thick, 
or  quickly  thickens  in  the  jar,  and  the  tablet,  although  dissolve<l  in 
it,  is  not  mixed  throughout  the  cream.  As  quickly  as  the  oi>erator 
has  time  after  putting  the  first  cream  in  a  jar,  if  it  is  too  thick,  he 
should  warm  the  bottle  to  about  100°  F.,  thus  bringing  the  cream  to  a 
fluid  condition  and  enabling  an  easy  mixture  of  the  preservative  and 
cream.  Usually  the  next  addition  of  cream  can  be  quite  readily 
mixed  with  the  first.  The  mixing  should  bo  done  immediately  after 
adding  the  sample  to  the  jar.  All  the  jars  should  be  looked  over  at 
the  end  of  the  day,  and  any  that  have  not  mixed  properly  should  be 
warmed  and  shaken  up  until  the  mixing  is  complete. 

In  the  summer  time  composite  samples  will  sometimes  show  a  sepa- 
ration into  layers,  the  lower  portion  being  whey  and  the  upper  part 
fat  and  casein.  Such  samples  do  not  look  well,  but  so  far  as  obser- 
vations go  this  does  not  to  any  appreciable  extent  influence  the  test, 
provided  they  are  thoroughly  mixed  before  the  sample  is  taken.  In 
the  winter  season  it  has  not  been  shown  that  a  preservative  other  than 
the  cold  weather  is  needed.  In  shaking  composite  samples  to  mix 
preservative  and  cream  always  give  a  rotary  motion  to  the  hand,  as 
this  causes  the  cream  to  flow  around  the  bottle.  A  violent  agitation 
will  often  churn  the  contents,  thus  destroying  to  a  great  extent  the 
usefulness  of  the  sample. 
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HEASUKIKri  OR  WKIQUINO  THR  eAMPLBS. 

The  same  precaiitioit  used  in  procuring  the  samptB  in  the  first  place 
must  l>e  used  in  getting  it  ready  for  measuring  into  the  test  bottle. 
Bring  the  cream  to  a  uniform  condition  by  warming  the  samples  to 
100°  F.  or  a  little  more,  then  pour  from  one  cup  to  another  a  sufficient 
number  of  times  to  insure  a  uniform  texture  of  the  cream.  Be  sore 
that  no  cream  sticks  to  the  side  of  the  sample  jar.  There  will  be  no 
dried  cream  if  the  jar  has  been  tightly  covered.  If  dried  cream  is 
present  the  test  will  not  be  correct,  because  some  moisture  has  evap- 
orated. If  the  cream  is  lumpy,  pour  it  through  a  fine  sieve  and  press 
the  lunips  through  with  the  finger,  as  described  in  Uulletin  No.  100  of 
the  Vermont  Experiment  Station.  After  pou  ring  the  cream  until  it  is 
uniform,  measure  quickly  the  desired  quantity  before  any  movement 
of  fat  begins  toward  the  top.  If  the  sample  has  in  any  way  become 
churned,  heat  it  warm  enough  to  melt  the  butter  fat  and  very  qnickly 
mix  and  measure  out  the  desired  amount.  The  test  of  such  churned 
cream  can  only  be  taken  as  an  approximation  of  the  true  result. 

There  is  only  one  correct  way  of  securing  a  true  sample,  and  that 
is  to  weigh  the  cream  into  the  test  bottle  with  a  delicate  pair  of  scales 
or  balances.  Anyone  desiring  correct  results  should  not  use  the 
pipette  measure  for  cream.  There  are  too  many  conditions  entering 
into  the  pi-oblem  to  make  the  pipette  measure  at  all  reliable.  The 
cream,  iu  pouring  to  get  a  uniform  sample,  will  incorporate  more  or 
less  air.  Very  often  it  is  partially  sour  when  received  and  in  this 
condition  contains  many  gas  bubbles.  Tlie  specific  gravity  varies 
with  its  richness.  Thick  and  viscous  cream  may  contain  large  air 
bubbles  in  its  body  which  do  not  move  readily  to  the  surface. 

Tables  for  correcting  the  error  due  to  speeifie  gravity  have  been 
compiled  and  are  correct  for  that  factor,  but  they  do  not  and  can  not 
take  into  account  the  other  factors,  which  are  often  of  greater  impor- 
tance than  the  specific  gravity.  The  quantity  of  cream  weighed  into 
the  test  bottle  does  not  matter,  so  long  as  the  correct  reading  of  the 
result  can  be  obtained.  Usually  0  or  IH  grams  are  taken,  but  some- 
times a  less  amount  is  used. 

The  details  of  making  the  test  after  weighing  out  the  samples  are 
of  so  common  knowledge  as  to  make  it  nectlless  to  discuss  them  here. 
It  is  sufBcient  to  say  that  the  desired  end  is  a  perfectly  clear  fat  col- 
umn, so  that  the  readings  can  easily  and  readily  be  made. 

BEADING  THE  TEST  ACCURATELY. 

This  seems  the  simplest  step  of  all,  and  yet  it  has  been  proven  the 
hardest.  Mention  has  been  made  of  the  fact  that  creamery  men  were 
reading  the  cream  test  lower  than  standard  instructions  warranted. 
They  doubtless  reasoned  that  the  tt!st  must  be  too  high  or  they  would 
get  an  overrun  equal  to  that  obtained  under  the  whole-milk  system. 
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Only  one  ci-eainery  in  all  the  territory  under  investigation  had  made 
any  attempt  to  discover  why  the  t'est  seemed  to  he  too  high.  This 
creamery,  through  its  chemist,  whose  work  along  this  line  is  made  use 
of  in  this  bulletin,  had  worked  out  the  f^ble  helow  showing  that 
errors  of  a  glaring  character  were  being  made  in  their  methods  of 
reading  the  test.  There  are  a  number  of  different  types  of  cream 
bottles  on  the  marltet,  and  the  tests  made  were  between  different  types 
of  bottles  in  use  at  the  creamei^y  in  question.  Those  used  were  the 
30  per  cent  9-inch,  50  per  cent  !)-inch,  and  50  per  cent  6-inch  bottles. 
The  first  is  not  in  general  nse,  but  the  last  two  are 
used  quite  extensively  in  Western  creamery  practice. 


The  tests  by  the  Babcock  method  were  made  as  fol- 
lows: All  bottles  were  tested  for  accuracy  of  gradua- 
tion before  using.  Three  types  were  used:  First,  a 
bottle  9  inches  in  length,  graduated  to  read  two-tenths 
of  1  per  cent  and  up  to  30  per  cent;  this  type  of  bottle 
will  be  referred  to  as  the  30  per  cent  9-inch  bottle. 
Second,  a  bottle  0  inches  in  length,  graduated  to  read 
five- tenths  of  1  percent  and  up  to  50  per  cent;  this 
type  of  bottle  will  be  referred  to  as  the  50  per  cent 
9-inch  bottle.  Third,  a  bottle  6  inches  in  length,  grad- 
uated to  read  flveteuths  of  1  per  cent  and  up  to  50  per 
cent;  this  type  of  buttle  will  be  referred  lo  as  the  50 
per  cent  G-inch  bottle.  All  samples  were  weighed  on 
a  Torsion  balance,  sensitive  to  10  milligrams.  The 
weights  used  were  tested  for  accuracy.  All  readings 
were  taken  at  13U°  F. ,  this  tenipemture  l>eing  obtained 
by  placing  the  bottles  in  water  and  heating  to  this  "ni»^u7'''s«:toi 
point.  Three  readings  were  taken  from  each  test,  the  <>'  ■  *<»'  bottio 
method  being  as  follows:  Reading  A,  from  a  to  d;  ^nmof h-t'oi- 
reading  .If,  from  b  to  il;  reading  C,  from  c  to  d.  umn  from  differ- 
The  crescent-shaped  surface  of  the  fat  in  the  neck  of  ^g',^^"'"" 
the  bottle,  as  shown  at  a  h  c,  is  called  the  meniscus. 

The  determination  by  the  extraction  method  was  made  as  follows: 
Samples  of  about  5^^  grams  were  weighed  out  into  fat-free  extraction 
thimbles,  (Aiarged  with  ignited  asbestos,  then  dried  to  constant  weight 
at  100°  C.  The  samples  were  then  placed  in  a  continuous  ether 
extractor  and  the  extraction  carried  on  with  ether  that  had  recently 
been  distilled  over  sodium.  After  six  to  eight  hours*  extraction  the 
fiasks  containing  the  extraetiS  were  reinove<l  and  replaced  by  other 
flasks  and  the  extraction  again  continued  for  three  houi-s.  This 
extraction  gave  only  a  trace  of  fat.     The  extracted  fat  was  dried  to 
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constant  weight  at  a  temperature  of  lUO"  0.    Duplicate  analyseH  were 
made  of  all  samples.    Only  tbe  averages  are  given  in  the  table  below: 


Reimltby 
etHerei- 
traction. 

fie.3£ 

43.41 

a».x 

28.(2 

8.30 
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se.a) 
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Si.«  '             58.40 
44.10  ■             44  4S 

4380  1            43.» 
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3B,76  '             3S.ra 

ae.«)  1         ».05 

Si.K               £3.40 
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8.(6                P.» 
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Babcock  readings. 
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The  differences  in  readings  of  9-grani  samples  were  doubled  iu  order 
that  they  should  appear  in  such  form  as  to  compare  with  the  other 
columns  of  the  table,  which  represent  18-gram  samples. 

A  COMPARISON  OP  UILK  AND  CREAM  READINGS. 

The  lowness  of  the  milk  test  as  compared  with  cream  readings  is 
exemplified  by  the  following  table,  which  gives  the  summary  of  dif- 
ferences as  compared  with  the  test  made  iu  tbe  10  per  cent  milk  bottle. 

_    e;oogic 
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The  readings  were  made  and  the  differences  found  in  the  same  man- 
ner as  in  the  comparJKUn  with  the  ether  extraction  flgures,  ubown  in 
Table  Til. 

Table  IV.— Kriys*  of  aveiiii/e.  i-ream  reailhigs  A.  B,  and  C  over  milk  reading  A. 
fri^Tn  nuiKna  IW  DPT  Bent  HOporcent  GO  per  cent 


Credit  is  due  to  Mr.  Gray  for  suggesting  this  lino  of  investigation. 
A  careful  study  of  the  foregoing  tables  will  indicate  that  something 
wrong  18  pretty  sui-c  to  occur  when  the  Babcoek  test  is  applied  to 
cream  by  a  careless  or  inexperienced  operator.  The  rea<ling8  were 
made  at  a,  b,  and  c  in  the  above  work  because  these  points  were  quite 
distinct  and  could  be  read  without  much  chance  of  error.  The  result-s 
show  that  the  probable  cause  of  the  differences  in  tlie  readings  of  the 
different  types  of  bottles  lies  in  the  meniscus.  (See  fig.  1,  p.  15.)  Fol- 
lowing out  this  suggestion,  a  series  of  experiments  were  undertaken  at 
the  Kansas  Experiment  Station. 

EXPBRIHENTS  AT  THE  KANSAS  KXPKKIHENT  STATION. 

Through  the  courtesy  of  Prof.  J.  T,  WiUard,  director  and  chemist 
of  the  Kansas  station,  Manhattan,  Kans.,  the  author  secured  the  use 
of  the  station  chemical  laboratory  and  the  cooperation  of  the  assistant 
chemist,  Mr.  H.  H.  Shaw,  in  carrying  on  further  the  work  already 
outlined.  Prof.  J,  O.  Hamilton,  assistant  professor  of  physics  in  the 
Kansas  State  Agricultural  College,  gave  material  assistance  in  the 
mathematical  and  physical  problems  involved.  Experiments  were 
repeated  with  the  .same  results  a-s  obtained  in  the  work  already  quoted 
and  shown  in  Tables  II,  III,  and  IV. 


The  most  interesting  feature  of  the  work  was  a  study  of  the  effect 
of  the  meniscus  in  bottles  of  different  diameters  on  the  rejMiiugof  the 
test.  A  series  of  thirteen  bottles  were  selected  ranging  in  diameter 
of  neck  from  0.2338  inch  to  0.58G2  inch.  TJie  bottles  were  filled  with 
water  to  some  point  in  the  lower  part  of  the  neck,  and  then  1  gram  of 
pure  butter  fat  weighed  into  the  neck.  The  specific  gravity  of  the 
fat  was  0.9,  and  each  gram  should  represent  just  5.55  plus  jwr  cent 
butter  fat.  The  bottles  were  whirled  in  a  hand  tester  and  read  at 
120°  F.  Readings  from  extreme  t«i»  to  bottom  of  fat  column  were 
carefully  made  and  the  depth  of  meniscus  meH»uivd  and  recorded  in 
per  cent  of  the  scale  on  which  the  reading  was  made.  The  following 
22413— No.  58—04 2 
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t«l)lf  {jives  llie  style  of  bottle,  (Immeter  of  neck,  the  per  eent  of  fat, 
the  Oe[)lli  of  iiieui.scuH  in  same  terms  as  fat,  ami  the  difference  from 
the  true  amount: 


Table  V.— Effect  of 


botllet  of  different  diameter. 


It  will  be  seen  in  the  above  table  that  the  10  per  eent  milk  bottles 
give  a  reading  of  5.70  and  5.S0,  respectively,  and  that  the  50  per  eent 
6-iue1i  cream  bottlsB  give  a  reading  of  7-00,  7.25,  and  7.40,  and  that 
the  meniscus  of  the  10  per  cent  bottles  is  0.20  and  0.30,  while  for  the 
50  per  cent  G-inch  bottles  it  is  2.00,  2.25,  and  2.25,  and,  further,  that 
the  10  per  cent  bottles  i-ead  0.15  and  0.25  above  the  true  amount  and 
the  50  per  cent  G-ineh  bottles  read  1.45,  1.70,  and  1.85  above  the  true 
amount.  This  is  especially  interesting  from  the  fact  that  all  of  these 
bottles  have  been  supposed  to  read  alike.  It  will  also  be  seen  that 
the  10  per  cent  bottles  read  more  than  the  true  amount,  whereas  in 
general  practice  the  reading  of  these  bottles  is  supposed  to  indicate 
the  amount  exactly.  In  ordinary  milk  testing  it  is  estimated  that 
about  two-tenths  of  1  per  cent  adheres  to  the  inside  of  the  bottle 
below  the  neck,  and  in  reading  the  per  eent  of  fat  the  total  length  of 
the  fat  column  will  just  give  the  desired  reading.  In  the  above  table 
the  fat  was  weighed  into  the  neck  of  the  bottle  and  was  therefore 
known  to  bo  all  in  the  neck,  and  the  effect  of  the  meniscus  is  thus  as 
apparent  in  the  10  per  cent  Iwttles  as  with  the  others. 

If  we  caloolate  that  about  the  same  amount  of  fat  is  hold  back  in 
the  bnlb  of  all  bottles,  regardless  of  size  of  the  neck,  it  will  be  seen 
that  the  differences — as  shown  in  the  last  column  of  the  above  table — 
regularly  increase  as  the  necks  of  the  bottles  inci-oaso  in  diameter. 
Taking  No.  13,  the  first  bottle  in  the  table,  as  a  standard,  the  diflfer- 
ences  from  the  true  amount,  here  taken  as  5.70,  are  seen  to  range 
from  0.10  in  bottle  No.  12  to  1.70  in  bottle  No.  19. 

This  shows  the  actual  erroi-s  that  would  constantly  be  made  iu 
regularly  testing  with  these  bottles. 
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Table  V  shows  ihat  the  depth  of  nicniscus  iiiereiiw-swith  th«  diain- 
cter  of  the  neck,  and  that  the  true  rendinf;  lH>lDl^!4  somewhere  iK'tween 
the  reading  of  the  top  and  the  reading  at  tlie  bottom  of  the  meniscnn. 
A  careful  inapection  of  Table  V  will  show  that  if  from  the  depth  of 
the  meniscus  there  is  d(«ducted  foiir-fiftliu  of  itself,  the  result  will  be 
very  near  the  true  difference  in  reading  between  that  which  the  bottle 
actually  gives  and  the  true  amount.  Therefore  the  shortest  rule  that 
can  be  given  to  correct  the  error  due  to  the  menia<;u8  is  as  follows: 
Read  the  test  from  the  extreme  top  to  bottom  of  fat  column;  dtnluct 
from  this  reading  four-fifths  of  the  depth  of  the  meniscus,  and  add 
0.2  per  cent  to  the  result.  The  0.2  per  cent  is  the  amount  supposed 
to  adhere  to  the  test  bottle  and  is  not  shown  in  the  fat  column  in  the 
neck.  In  none  of  the  cases  in  the  table  will  this  rule  give  exactly  the 
right  figure,  but  the  differences  are  all,  with  one  exception,  less  than 
one-tenth  of  1  per  cent. 

Table  VI. — Shot/ring  coj-rected  readingg  after  deducting  portion  of 
per  rnile. 


Style  at  bottle. 


80  per  cent  O-lnch  croun  . . 

SO  per  cent  (kincb  Rrmm  . . 

tt  per  coot  S-lnub  cream  . . 

CO  per  cent  S-lnch  cream  . . 

Areni^ 


°;r 

m.>nl». 

^iSf 

f 

coa. 

tercenl. 

aso 

O.10 

5,M 

.30 

.S4 

■s 

M 

.10 

5.31 

.BO 

.Ml 

a.  at 

B.K 

.64 

S.HI 

.90 

.78 

^."■13 

J.  60 

f,.f^ 

l.W) 

i.r*i 

i.ni 

1.91 

t.m 

i.'X, 

1-flO 

b.K, 

t.«> 

l.flO 

B.«) 

I.IIT 

.BO 

5.54 

QlUwof 


If  the  10  per  cent  bottles  are  taken  as  correct  and  as  standards  in 
this  case,  the  final  average  is  only  0.01  per  cent  less  than  the  average 
reading  of  the  10  per  cent  bottles,  the  latter  being  5.75  per  cent. 

If  a  9-gram  sample  is  used  and  the  result  must  be  doubled,  the  0.3 
per  cent  raiist  not  be  added  until  the  four-fifths  meniscus  is  deducted 
and  this  result  multiplied  by  2. 

The  differences  shown  in  Table  VI  occur  because  it  is  a  practical 
impossibility  to  read  the  e^act  amount  in  any  test.  In  the  10  per 
cent  bottles  and  the  30  per  cent  !l-inch  bottles  tenths  have  to  be 
estimated;  in  the  50  per  cent  9-inch  bottles  anything  less  than  0.6 
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per  cent  has  to  be  estimated;  in  the  40  per  coot  D-inch  bottles  used 
in  this  tost  anything  lefts  than  1  x>er  cent  has  to  Ije  estimated;  and  in 
the  50  per  cent  ti-inch  bottles  used  anything  less  than  0.9  per  cent 
has  to  be  estimated.  All  of  this  estimation  makes  not  only  possible 
but  altogether  probable  errors  in  reading  whicli  range  from  less  than 
0.1  per  cent  to  as  much  as  0.5  per  cent.  The  space  occupied  by  1 
per  cent  in  the  large-diameter  bottles  is  so  shallow  that  a  slight  tip- 
ping of  the  bottle  away  from  the  perpendicular  may  easily  make  a 
difference  of  from  0.25  per  cent  to  1  per  cent  in  the  reading. 

Applying  the  rule  for  reading  the  meniscus  to  the  readings   in 
Table  II,  the  following  is  the  result: 


Eper  cent  »■< 
pert. 
I  po  per  mat  9-1 
£  Iw  per  coDt  e-i 
[.W  per  cent  e-l 
131)  per  cent  (t-1 
3  I.WperoeDtW 
Iw  par  cent  6-1 
pOpBrceatM 
1  (50  per  cent  9-J 
ISO  per  c, 


Ki.£0 
XS  1(1 


BewllDg  I     Trof 

'flMh^if"  Double    +0.*pBrl^'"'' 


ia.oe       K.ie 

11.70^       *B.«I 

law  1     «i,8B 

ii.Kt       a.m 

i.rej       8,18 

"This  oolamn  gWas  the  highest  readiog  (A)  in  each  case. 

In  the  above  table  the  column  headed  "  Reading"  is  the  extreme 
reading,  and  the  column  headed  "Meniscus"  is  the  difference 
between  "d"  and  "c,"  as  shown  in  fig.  1  (on  p.  15).  For  the  30 
per  cent  9-inch  bottles  only  one-half  the  amounts  given  in  Table  11 
are  used,  as  one-half  is  equal  to  the  O-gram  reading  that  was  taken 
in  this  case.  This  is  corrected  to  the  proper  amount  in  the  column 
headed  "Double  reading."  The  column  " +0.2  percent"  gives  the 
corrected  reading,  and  the  column  "True  reading"  gives  the  amount 
det«rmined  by  the  extraction  method. 
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A  rearrsngenient  of  the  final  results  in  the  above  table  makes  tlie 
following  showing.  The  sum  of  the  seven  samples  is  taken  and  the 
average  differences  determined: 

Tabla  Vm.— Shotting  average  exeest  of  Babeock  readings  over  extraction 
reading*. 


Stylo  of  bottle. 

\n»  four- 
llftlii.or 

Prrrenl. 

Cor- 

rrrctnt. 

SS.H 
as-Ti 

encc 

28.71 
K8.B3 

Ptrcenl. 
88.91 

Pernnt. 

Mi  per  cent  C-iDch 

+  .W 

The  column  "Average  reading  less  four-fifths  of  meniscus"  is  the 
average  of  double  the  30  per  cent  9-inch  readings,  and  the  50  per 
cent  y-inch  and  50  per  cent  6-inch  readings.  To  these  is  added  the 
n,2  per  cent  for  the  corrected  reading.  From  the  corrected  reading 
is  tAken  the  average  true  amount,  which  gives  the  difference  found 
in  column  "Average  differences."  This  is  the  average  above  the 
true  amount  for  each  reading  "A"  in  the  three  classes  of  bottles  rep- 
resented in  Table  II.  It  is  doubtful  in  making  these  readings  in 
Table  II  whether  the  meniscusea  were  read  deep  enough,  as  they  were 
not  read  with  a  thought  of  this  comparison  in  view. 

Another  possibility  enters  into  the  proposition  that  will  have  to  be 
left  an  open  question  for  the  time  being;  that  is,  whether  0.2  per  cent 
is  not  too  much  to  allow  for  the  fat  which  does  not  rise  into  the  neck 
when  testing  cream  iu  the  wide-necked  bottles.  In  Table  VI  it  must 
be  remembered  that  the  fat  was  weighed  into  the  neck  of  the  bottle, 
and  that  the  amount  was  positively  known  to  be  in  the  neck.  The 
table  was  aiTanged  from  Table  V,  with  the  supposition  that  0.2  per 
cent  would  remain  below  the  fat  column  in  all  the  bottles,  and  that 
being  the  case,  the  assumption  that  in  the  10  per  cent  bottles  the  read- 
ing would  actually  be  the  same  as  if  tlie  test  had  been  made  in  the  reg- 
ular way  and  read  6.7  per  cent  for  No.  13,  etc.  While  this  is  true  for 
the  10  per  cent  bottles,  it  may  not  be  true  for  the  cream  bottles,  as 
Table  VIII  would  seem  to  indicate.  In  view  of  the  fact  that  nearly 
every  error  in  sampling  and  making  tests  tends  toward  a  larger  read- 
ing than  the  correct  one,  the  addition  of  the  0.2  per  cent  might  safely 
be  omitted  and  no  injustice  done  to  either  party  of  the  transaction. 

It  is  a  common  practice  to  use  a  9-gram  charge  and  double  the  read- 
ing. This  multiplies  the  error  made  in  reading  by  2.  An  examina- 
tion of  the  diameter  of  the  bottles  given  in  Table  V  will  show  the  wide 
variations  to  be  found  in  bottles  of  the  same  class.  The  13  bottles 
used  in  this  experiment  were  selected  from  50  bottles  taken  at  random 
from  a  laige  stock,  and  they  show  almost  every  grade  of  variation. 
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It  would  DOt  lie  »  safe  rule  U}  deduct,  a  certain  amount  from  bottles 
of  the  same  per  cent  reading,  the  differences  between  bottles  of  the 
H&nie  class  being  an  great  ah  between  clasaes. 


Among  other  thingn  observed  in  making  this  t«Bt  was  the  lower 
meniscus  or  line  l>etween  the  fat  and  the  liquid  below.  When  the 
bottles  were  whirle<l  for  five  minutes  in  a  tester  in  which  the  tem- 
perature remained  constant,  the  line  between  the  fat  and  water  was 
a  straight  line.  I ni mediately  on  cooling  this  line  began  to  have  a 
curved  shape,  the  center  being  lower  than  the  sides.  If  the  bottles 
were  placed  in  a  hot  bath  and  the  temperature  raised  above  that  at 
which  they  had  been  whirled,  the  line  curve<l  upward,  the  center 
becoming  higher  than  the  sides.  These  changes  in  the  shape  of  the 
bottom  line,  or  plane  of  division,  were  nearly  equal  in  effect  to  the 
upper  meniscus.  If  tiie  line  curved  either  way,  the  effect  was  to 
increase  the  reading.  The  curve  downwanl,  due  to  cooling,  did  not 
affect  the  reading  as  much  as  the  curve  upward,  due  to  heating.  As 
the  fat  is  drawn  down  and  the  Iwttom  reading  mwie  lower,  the  fat 
column  is  shortened  at  the  top,  and  this  in  a  measure  equalizes  the 
error.  When  the  center  is  moved  upward  as  the  result  of  expansion, 
the  top  is  pushed  up  and  the  bottom  line  remains  the  same;  the  line 
that  touches  the  glass  is  then  the  one  from  which  the  reading  will  be 
taken.  This  effect  has  been  observed  where  a  hand  tester  had  a 
steam  connection  for  heating  the  bottles.  The  operator  would  turn 
in  the  steam  for  the  last  whirling  of  one  minute  and  then  read  the 
test.  This  sudden  heating  naused  an  exx>An8ion,  and  the  movement 
of  the  fat  and  liquid  on  the  surface  of  the  glass  being  slower  than 
that  in  the  center,  the  bott-om  line  of  the  fat  column  was  carved 
upward,  and  consequently  the  reading  was  too  high. 

RRRORS   DUE  TO   EXPANSION   BY   HEAT. 

In  tasting  cream  the  matter  of  expansion  of  the  fat  is  of  consider- 
able importance.  An  experiment  made  by  Mr.  Gray  is  here  recorded 
which  shows  the  effect  of  expansion  in  heating  the  fat44  to  tempera- 
tures ranging  from  110°  to  140°  F, 

Plan  of  Ifst, — A  sample  of  pnre  bntter  fat  was  aeparat«d  from  pnre,  fresh 
bntter.  A  determiiiation.of  tlie  specifin  gravity  of  this  fat  showed  it  to  be  normal 
(0.0004  at  100'  C.)  compared  with  wat<?r  at  the  aftme  temperature.  Samples  of 
the  fat  were  weighed  into  the  varions  types  of  test  bottles  and  skim  milk  enongh 
added  to  each  to  make  IS  grams.  The  fat  and  skim  milk  were  mixed  as  thor- 
oughly AH  [loseible  and  the  testt  made  as  with  cream.  From  this  miztnre  a  test 
was  obtained  that  in  appearance  was  very  similar  to  the  regular  cream  test. 
Three  readlDgs  were  taken  from  each  test  [as  desi:ril>ed  in  fig.  1  (p.  15)] ,  at  tem- 
peratoresof  140',  IM",  120°.  and  110°  F.  Sii  tests  were  made  with  each  type  of 
bottle,  and  the  rennlts  averaged  as  in  the  following  table.  The  cor  ect  amonnt  is 
very  near  30.8  per  cent.  (That  is,  this  would  be  the  accurate  reading  or  test  for 
the  fat  actually  present  in  this  mixture  or  unnatural  cream. ) 
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Table  lX.~-Average  rfodingK  of  tix  bottle*  at  different  temperaturea,  Klioiring 
eu^panaion. 


lUfF.   j  13n»F.    i   ia)°F.   I   IKCF. 


style  otbottlP. 

Ic 

\r     .. 

eOperroQtB-liwh.  IK-frrem 

B 

Ic. -....- 

BOpnrfflntO-inrli,  IK-snni 

B 

».»  :        St.K     I 


IS.8& 

IS.TS 


Tablr  X.— Average  ehangea  I'l 


vailingg  at  tinted  temperatur 


Style  lit  liottlo. 


Tf'mperatures. 


30  per  cSDt  O-lacb.  B-grsm 

Sunn,  doobled 

Ml  per  cent  B-lnch.  Ig-gram 
m  per  cent  Much.  IS-gram 

Average  full  reading 

Theoretical  dUTttreuce 

flame,  B-gram 


Hmtc 

130°  F. 

1.11°  to  laf  F. 

IBO^tt 

110°  F, 

7«.Toi 

n°p. 

Prr 

irnt. 

0.1 

.2 

JVr 

ate 

,0 

Prrrt, 

'"■f 

.8 
.1« 

.\t2 

.vn 

.071 

.on 

.un 

.213 

The  average  increase  in  readiiiK  when  the  temperature  is  raised 
from  110°  to  140°  is  0.5  per  cent,  as  taken  from  the  readings  in  Table 
IX.  The  theoretical  increase  is  0.437  per  cent.  The  difference 
between  the  practical  reading  and  the  theoretical  calculation  is  but 
0.073  per  cent,  which  is  less  than  can  be  read  in  either  of  the  styles 
of  bottles  in  the  test,  Tlie  coefficient  of  expansion  of  fat  is  given  as 
0.00064  for  melted  butter  fat  within  the  range  of  temperatures  as  found 
in  common  testers  in  use.  For  each  change  of  10°  F.  1  c.  c.  of  fat,  or 
5  per  cent,  willchange  0.0178  jut  cent.  In  thealiove  illustration  there 
was  ;S9.8  per  cent,  or  nearly  i^  c.  c.  of  fat,  and  the  change  would  be 
eight  times  0.0178  per  cent,  or  0.142  per  cent,  as  shown  in  Table  X, 
Fifty  per  cent  cream  would  be  ten  times  0.0178  per  cent,  or  0.178  per 
cent.     Thirty  per  cent  cream  would  be  six  times  this  factor,  etc. 

The  correct  temperature  for  reading  is  given  as  120°  F.,  and  in 
Table  IX  the  readings,  taken  at  120°  and  corrected  by  the  Mile  for 
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calculating  the  oorreet  read  ing,  give  results  nearest  to  the  true  amount, 
30.8  per  cent. 

It  will  be  seen  that  the  differeneesof  reading,  when  9  grams  of  cream 
are  used,  are  just  one-haif  of  tliose  from  a  full  charge,  or  18  grams, 
so  far  as  temperature  is  concerned.  It  will  also  be  neen  that  when 
the  readings  of  the  O-gram  charge  are  multiplied  by  2  to  obtain  the 
correct  reading,  the  difTerence  is  also  multiplied  by  2,  and  the  final 
result  is  tlie  same  as  though  18  grams  had  been  used.  There  hais 
been  an  objection  raised  against  the  long-neoked  cream  bottle  to  the 
effect  that  so  long  a  column  of  fat  necessarily  shows  moi-e  expansion 
and  greater  care  must  beexereised  to  have  the  temperatures  just  rights 
A  careful  consideration  of  the  expansion  table  above  will  not  bear  out 
this  assertion.  IJutter  fat  expands  volu  metrically.  C'ream-test  bot- 
tles are  graduated  volumetrically  and  will  take  care  of  any  expan- 
sion, no  matter  what  the  shape  of  the  neck.  With  the  long  scale 
and  the  narrow  neck  the  expansion  is  meosuri'd  in  just  the  same  pro- 
iwrtion  as  in  a  short  scale  and  wide  neck. 

Tlie  hand  tester  will,  as  a  rule,  give  nearer  the  right  results  than 
the  steam-turbine  tester,  because  the  fat  from  the  hand  tester  is 
usually  read  nearer  120".  The  steam  machine  may  heat  the  bottles 
to  IW  or  180°  F.,  and  if  read  at  this  temperature  a  little  calculation 
will  show  the  nature  of  the  results.  If  the  steam  machine  is  run  with 
the  lid  raised  an  inch  or  two,  better  results  will  be  obtained.  This 
will  allow  an  air  current  to  be  drawn  through  the  ma<;hine,  and  the 
temperature  will  tlius  be  kept  down.  If  bottles  are  placed  in  awater 
bath  to  bring  them  to  the  right  temperature  for  reading,  they  should 
remain  in  the  bath  for  twelve  to  fifteen  minutes  before  being  read  to 
insure  an  even  temperature  of  fat  and  liquid  below  the  fat  and  to 
insure  a  straight  line  between  the  two. 


It  has  been  stated  before  that  a  difference  in  test  of  one-half  of  1 
per  cent  would  amount  to  61  for  every  1,000  pounds  of  butter  made  if 
valued  at  20  cents  per  pound.  In  the  preceding  discussion  it  is 
shown  that  in  the  matter  of  reading  the  test  alone  a  difference  of  1.7 
per  cent  can  be  made,  Figun'd  on  the  same  basis  as  the  above,  this 
would  equal  ?3.40  per  1,000  pounds,  or  *(>8  per  day  on  an  output  of 
20,000  pounds. 

The  methods  of  oiierating  and  the  basis  of  paying  for  butter  fat  in 
the  centralizing  plants  give  the  farmer  all  there  is  in  it.  In  other 
words,  the  farmer  in  most  cases  gets  a  price  for  a  pound  of  fat  or  the 
cream  containing  it  which,  t-ogether  with  the  transpoi-tation  charges 
on  this  cream,  will  equal  the  selling  price  of  a  pound  of  butter.  The 
creamery  must  make  its  profits  and  pay  it«  running  expenses  out  of 
the  overrun  it  is  able  to  obtain.     If  this  overrun  is  cut  down  through 
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mismanagetnent  of  any  kind,  proflte  are  gone.  Instances  are  now  on 
record  wliere  concerns  have  become  bankrupt  through  bad  manage* 
ment  along  these  very  lines.  The  test  question  ia  but  one  item  in 
the  way  of  successful  operation,  and  the  things  pointed  out  in  this 
bulletin  are  not  all  the  corners  that  must  be  watched  in  getting  a 
proper  overrun;  but  so  far  as  the  testing  goes,  this  bulletin  points 
out  the  dangers  which  are  of  vital  importance  to  the  crcamety 
manager. 

The  following  are  examples  of  shorties  occurring  on  several 
systems  in  Kansas  and  Nebraska  largely  due  to  improper  methods  of 
testing: 


T4BL.B  XI. — Showing  loMes  oeeurringat  crvam-r< 
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One-half  of  1  per  cent  is  allowed  for  merhanical  loss  by  some  of  the 
larger  creameries.  Out  of  the  13  cases  ivpresented  above,  there  are 
tour  within  this  limit — <me  showing  a  gain  of  0,67  per  cent  imd  one 
very  close  to  the  limit. 

The  butter  fat  paid  for  and  the  butter  fat  received  are  found  by 
testing  at  the  station  and  at  the  factory.  When  this  was  checked 
against  a  low  churn  yield,  this  and  the  difference  between  the  test 
called  for  an  investigation.  Not  all  of  it  can  be  laid  to  any  one  thing, 
but  with  careless  sampling,  loss  of  cream  byepiUing,  etc,  reading  the 
test  at  too  high  a  temperature,  and  reading;  the  full  meniscus,  the 
losses  may  be  found.  The  differences  between  the  station  and  the  fac- 
tory tests  are  in  the  main  due  to  pooi'  work  in  sarapline  and  testing 
at  the  station.  It  ia  a  noteworthy  fact  that  the  tests  at  the  factory 
are  inado  more  cArefuUy  than  those  at  the  stations.  Thestation  testa 
as  »  rule  are  made  by  pipi^tte  rather  than  scales.     In  mcstciutes  a  cor- 
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rection  table  13  used  to  correct  the  errors  made  Iiy  pii»ette  measare. 
Although  this  method  gives  lower  results  than  with  the  scales,  the 
faulty  methods  of  sampting,  combined  with  too  high  reading,  still 
give  ihe  station  a  higher  t«st  than  shown  at  the  factory,  where  the 
samples  are  usually  weighed  and  more  carefully  read. 

During  the  \i&iit  year  the  creamerj'  companies  that  have  kept  any 
reeonls  of  their  work  have  been  cuttingdown  this  difference  between 
tests  and  helping  to  correct  the  low  churn  resnlts.  It  is  hoped  that 
the  ideas  given  in  tliiH  bulletin  will  lie  of  some  benefit  to  them;  also 
to  others  who  have  not  realized  the  possible  loss  along  this  line  and 
the  great  probaltility  that  they  have  sustained  it,  although  ignorant 
of  the  fact. 


t  HAKINU  FAT  TR8TS  or  CRE.Ot. 

Samplino  : 

(1)  Uniform  composition  and  texture  of  cream  is  necessary. 

(2)  This  is  obtained  by  pouring  from  one  pail  or  can  to  another. 

(3)  Frozen  cream  must  be  thawwl  before  it  can  be  sampled. 

(4)  Churned  cream  can  not  be  successfully  sampled. 

(6)  The  tube  sampler  gives  surest  results. 

(C)  The  dipper  sampler  does  well  if  the  cream  is   thoroughly 
mixed. 

(7)  Cream  adhering  to  outside  of  tube  should  not  get  into  sam- 

ple jar. 

(8)  The  tube  should  be  blown  out  with  st«am  or  rinsed  with  hot 

water  before  using  each  time, 
(ft)  Keep  the  top  of  the  tube  open  while  it  goes  down,  so  it  may 
fill  as  fast  as  lowered. 

KEEPINO   the   SAMPLES: 

(1)  Sample  jars  mu.st  have  tight-fitting  covers  and  be  kept  tight. 

(2)  If  cream  is  dried  in  bottles  it  is  evidence  that  covers  are  not 

tight  enough  to  prevent  escape  of  moisture. 

(3)  Preservatives  must  be  thoroughly  mixed  with  cream;  if  too 

thick,  heat  the  jars. 

(4)  Do  not  shake  the  bottle  to  mis  the  cream;  give  it  a  rotary 

motion. 

(5)  It  is  best  to  have  samples  protected  from  extreme  heat  or  cold. 
(t!)  Churned  cream  gives  only  approximate  results;  dried  cream 

gives  too  high  results. 

(7)  Extreme  hot  weather  and  lack  of  attention  may  cause  sepa- 

ration of  whey. 

(8)  Do  not  take  too  large  samples;  it  is  a  waste  of  cream. 

(9)  L(H>k  after  samples  every  day  and  see  that  they  are  in  proper 

shape. 
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PREPAJCINQ   sample   for   MBAHURINU   into   test   BOTTLE: 

(1)  Sample  miiat  h^  ftbf«»liitely  uniform  throatthoiit. 

(3)  Heat  Hatnple  to  Hbout  100"  F.,  or  iiotil  it  in  ({uite  fluid. 

(3)  If  samplo  in  weightnl,  a  mticli  higher  tetui>eratiire  may  be 

used. 

(4)  Pour  from  one  cup  to  another  until  uniform. 

(5)  The  hotter  the  sample  the  moro  fluid  it  will  lie  and  the  easier 

to  make  uniform. 

(0)  Take  care  that  no  cream  remain8  in  sample  jar  adhering  to 

the  sides. 
(7)  If  sample  is  lumpy,  press  lumps  thronRli  a  fine  wire  sieve 

{such  as  is  used  for  a  tn'apot  strainer). 
(S)  Melt  any  chiirned  aamplen,  mix,  and  sample  (luickly, 

(9)  Make  things  convenient  for  lliis  work   and  see  that  it  is 

thoroughly  done. 
MeASUKING  into  TEST  BOTTLE: 

(1)  Weighing  the  sample  is  the  only  method  that  will  give  cor- 

rect results. 

(2)  ITse  delicate  balances  and  keep  them  in  perfect  order, 

(3)  Test  weights  and  scales  for  accuracy  before  using. 

(4)  Torsion  balances  are  very  aeeurale;  weigh  one  test  at  a  time, 

(5)  Less  than  9  grams  may  be  used,  but  9  or  18  grams  are  more 

convenient. 
{('))  Air  and  gas  bubbles  in  cream  cause  pipette  k^ets  to  be  inae- 
curate. 

(7)  Specific  gravity  of  cream  causes  pipette  testw  of  cream  to  l)e 

too  low. 

(8)  Tables  for  corret^ting  specific  gravity  are  in  use,  but  they  do 

notcorrect  for  error  caused  by  air  and  gas. 
{!))  Welghinu;  coiTects  all  difficulties  due  to  specific  gravity  and 
air  or  gas  in  cream. 

(10)  Use  great  care  to  get  the  weighta  exactly  right. 
Making  the  test: 

(1)  If  IS  grams  of  cream  are  used,  add  an  equal  weight  of  acid  of 

1.82  to  1.83  specific  gravity. 

(2)  If  9  grams  of  cream  are  used,  add  an  equal  amount  of  water, 

then  add  acid  hh  for  IS  grams. 

(3)  Use  enough  acid  to  make  a  clear  fat  column;  determine  by 

trial. 
(■1)  Use  condensed  steam  or  rain  water  for  Ailing  bottles. 
(5)  After  abiding  acid,  fill  iKittles  at  once  ta  bottom  of  neck  with 

water  at  about  120"  F.,  and  then  whirl  five  minutes. 
(0)  Then  add  water  of  same  temperature  to  bring  fat  witliin 

scale,  and  whirl  two  minutes. 
(7)  Keep  the  temperature  down  to  120"  F.  while  whirling. 


viOOgle 


28  BUREAU   OF   ANIMAL   INDU8TBT. 

Making  the  test— Continued. 

(8)  Have  a  bole  drilled  in  top  of  tester  to  insert  thermometer. 
{9)  Run  the  tester  at  as  higli  speed  as  Imttles  will  stand. 

(10)  For  liand  tester  put  in  boiling  wat«r  when  beginning  the  test 

till  it  nearly  reaches  the  bottles. 

(11)  For  steam  tester  raise  the  lid  slightly  while  making  the  test. 

(12)  When  through  whirling  keep  tester  closed,  so  as  to  main- 

tain heat  even  as  possible. 
Reading  the  test: 

(1)  See  that  line  between  fat  and  water  ia  straight,  and  read 

from  bottom  to  extreme  top  of  fat  column. 

(2)  Read  the  depth  of  meni-scus  and  deduct  four-fifths  of  it  from 

previous  reading.     A  careful  operator  can  estimate  this. 

(3)  Add  0. 2  per  cent  to  the  result. 

(4)  For  n-gram  sample,  double  reading  before  adding  0.2  per 

cent. 

(5)  Read  at  a  temperature  close  to  120°  F. 

(0)  If  bottles  are  placed  in  bath  to  regulate  temperature,  allow 

them  to  stand  for  fifteen  minutes  before  reading. 
The  test  bottles: 

(1)  Use  as  narrow-necked  bottles  as  possible,  to  get  wide  divisions 

of  scale. 

(2)  The  30  per  cent  9-inch  bottles  graduated  to  0.2  per  cent  are 

most  accurate. 

(3)  Use  !)-gram  chaise  with  these,  doubling  the  reading. 

(4)  The  50  per  cent  !l-inch  bottles  are  next  in  accuracy,  graduated 

to  0.5  per  cent. 

(5)  The  .30  per  cent,  40  per  cent,  and  50  per  cent  6-inch  Ixittles 

are  too  inaccurate  in  results. 
(fi)  In  wide  necks  the  scale  divisions  are  too  close  together  and 

errors  are  more  probable. 
(7)  All  Iwttles  should  be  tested  for  correctness  of  calibration. 
(H)  With  cheap  bottles  nearly  half  are  not  correct. 

(9)  Bottles  guaranteed  correct  can  not  all  be  depended  upon. 

OONCLUMNQ   NOTBS, 

Little  more  need  be  said  except  that  there  is  still  much  work  to  he 
done  to  make  a  perfect  cream  test,  free  from  the  objections  noted  in 
this  bulletin.  The  subject  of  pi-eservatives  for  composite  samples 
of  cream  is  one  that  needs  the  attention  of  the  chemists.  A  test  bot- 
tle that  will  overcome  the  objectiormble  feature-s  noted  is  a  study  for 
some  genius  to  work  upon.  A  bottle  of  unifonn  diameter  would 
greatly  simplify  matters  as  they  stand,  so  that  a  uniform  cori-ection 
could  be  made  for  all  tests.  ITie  great  importance  of  careful  work 
in  all  details  should  Iwi  urged  upon  every  user  of  the  test.  The 
amount  of  butter  fat  that  may  adhere  to  the  bottle  and  remain  below 
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the  Deck  should  be  studied  and  a  large  number  of  experimentH  made 
to  detormine  the  facts  in  the  case.  The  common  defects  obsen-ed  in 
field  work  were  improper  sampling,  poor  sample  jars,  the  pipetto 
method  uned  in  measuring  sampler,  the  test  read  too  high  and  at  too 
high  temperature,  and  carelessness  all  along  the  line. 

The  question  of  overrun,  while  in  very  elose  touch  with  and  influ- 
enced by  the  test,  is  not  all  dependent  upon  it.  I^oflses  occur  duo  to 
careless  weighing  of  cream,  gnessing  at  the  weight  of  cans,  leaving 
cream  in  cans  while  eraptj'ing,  losses  by  spilling,  and  losses  in  ship- 
ping. The  greatest  factor  of  all  influencing  the  overrun  may  be  found 
in  the  churning  and  working  of  the  butter.  The  question  under  dis- 
cnsston  must  not  be  lost  sight  of,  however.  Table  X  is  food  for  reflec- 
tion along  this  line.  The  just  distribution  of  money  to  patrons  and 
the  iiDancial  results  of  the  creamei'y  industry  in  the  West  call  for 
more  careful  consideration  of  this  question  of  the  cream  test. 
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LETTER  OF  TRANSMIHAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Aniual  Indubtby, 
Wa«h/:»ff(fm,  D.  C,  Ajrrll  26,  J904. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
"  The  farm  separator:  Its  relation  to  the  creamery  and  to  the  creamery 
patron,"  prepared  by  Ed.  H.  Webster,  inspector  and  dairy  expert, 
under  the  supervision  of  Maj.  Henry  E.  Alvoi-d,  Chief  of  the  Dairy 
Division.  In  submitting  this  manuscript  for  my  consideration,  Major 
Alvord  gives  an  outline  of  the  woi'k,  from  which  I  quote: 

"  This  paper  embodies  in  part  the  result's  of  Mr,  W^ebster's  investi- 
gations and  experiments  during  the  last  calendar  year.  It  will  be  of 
general  interest,  and  particularly  useful  in  the  di-strictw  where  dairy- 
ing has  been  recently  introduced  on  the  farm-sepamtor  system. 

"Inorder  to  assist  in  the  investigation  thus  reported  the  Continental 
Creamery  Company  of  Kansas  offered  the  use  of  a  part  of  it«  regular 
daily  shipments  of  cream  to  the  factory  at  Topeka,  from  producing 
farms  nearly  300  miles  distant,  keeping  the  transportation  under  con- 
trol, and  permitting  a  full  examination  to  be  made  of  the  selected  cans 
of  cream  upon  arrival  at  the  factory.  The  company  also  contributed 
the  services  of  its  chemist,  Mr.  0.  E.  Gray,  to  assist  Mr.  Webster  in 
the^e  experiments,  and  Mr.  Gi'ay  was  temporarily  appointed  a  special 
agent  of  the  Bureau  of  Animal  Industry. 

"The  Post-Office  Department  courteously  made  a  special  ruling 
which  permitted  the  data  to  accompany  the  cans  of  cream  in  tag  envel- 
opes instead  of  being  separately  mailed,  and  thus  contributed  much  to 
the  facilities  for  conducting  the  experiments." 

I  respectfully  recommend  that  the  report  be  published  as  Bulletin 
No.  59. 

Respectfully,  D.  E.  Salmon, 

Chief  of  Bureau. 

Hon.  James  Wilson,  Secretary. 
Dj-ia. 
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THE  FARM  SEPARATOR:  ITS  RELATION  TO  THE 
CREAMERY  AND  TO  THE  CREAMERY  PATRON. 

By  Ed.  H.  Wbbbtes, 

Special  Agent  and  Dairy  Kxpert. 

INTRODUCTION, 

This  subject  is  treated  in  tbis  bulletin  wholly  from  the  standpoint  of 
Western  practice.  Tlio  section  of  the  West  in  which  the  olwervations 
were  made  lies  almost  altogether  within  the  boundaries  of  Kansas  and 
Nebraska.  Not  formerly  in  the  list  of  dairy  States,  these  two  have 
bad  a  history  in  dairying  both  unique  and  interesting.  The  first 
lessons  in  the  industry  were  paid  for  by  the  farmers,  at  the  rate  of 
about  $liX»  per  lesson,  in  cooperative  stock  creamery  companies  which 
had  been  organized  by  persuasive  and  persistent  promoters.  These 
lessons  were  well  impressed  and  are  remembered  even  to  the  present 
day,  although  the  creamery,  with  its  $6,000  or  $7,000  investment,  has 
long  been  used  for  purposes  quite  foreign  to  its  original  intent.  No 
doubt  farther  t^t,  where  there  were  more  dairymen,  inveHtmentu  of 
this  sort  made  by  the  farmei-s  turned  out  tetter  and  such  ventures 
were  often  successful.  West  of  the  Missouri  River  the  farmer  was 
not  a  dairyman  and  ha«l  no  intention  of  becoming  one;  and  although 
he  took  «  hundred-dollar  .-flmre  in  the  creamery  he  was  skeptical  as  to  ' 
the  outcome  and  did  not  propose  to  sell  any  cream  until  tlic  venture  was 
a  success.  He  may  not  have  known  that  this  very  attitude  wrecked 
all  prospects  of  success.  Here  and  there  were  exceptions  to  the  usual 
failures  which  the  first  lesson  brought.  These  exceptions  only  served 
to  prove  the  rule  that  where  thei-e  were  no  cows,  no  experience  in  the 
business,  and  no  inclination  to  become  dairymen  a  cooperative  or  a 
stock  company  crejimery  could  not  live.  The  few  exceptions  were  in 
neighl)or hoods  where  the  farmers  went  to  milking  and  stuck  to  it. 
These  earlior  creameries  were  on  the  " gathcred-cream "  system— a 
system  in  which  every  step  was  ruinous  under  Western  conditions. 

Along  in  the  early  nineties  the  skimming  .station  t>egan  to  make 
a  sweeping  change  in  creamery  practice  in  these  Western  States.  A 
new  impetus  was  given  to  the  biwiness,  and  again  the  farmer  was 
urged  to  put  up  bis  dollars  for  another  lesson.  The  idea  had  been 
conceived  of  skimming  the  farmers'  milk  at  a  station  and  shipping  the 
cream  to  a  central  point  for  churning.     This  lesson  usually  cost  the 
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faiiner  about  $25,  and  the  result  was  much  0101*6  satisfactor}'  for  a 
time  than  the  first  had  been.  A  station  was  built  which  the  farmer 
owned  and  a  creamery  was  leased.  The  farmer  hauled  his  milk  to  the 
station  and  hauled  his  skim  milk  home.  The  average  distance  was 
not  less  than  6  miles.  One  thing  that  helped  the  industry  at  this  time 
was  a  general  period  of  depression,  the  cow  seeming  to  be  the  only 
thing  which  would  yield  an  iwsured  income.  Although  prices  of 
butter  were  comparatively  low,  the  business  lx>omed.  Following  this, 
a  few  prosperous  years  came  and  the  farmer  wearied  of  the  long  haul 
and  the  small  returns  he  was  getting.  He  hired  out  the  hauling;  tfais 
ate  up  the  profits.  With  easy  money  in  other  lines  of  farming  and 
but  little  profit  in  the  milk  business,  dairying  again  had  a  setback. 
Skimming  stations  became  expensive  to  operate  because  of  the  small 
amount  of  milk  handled,  and  it  looked  as  though  many  of  the  small 
centralizing  plants  had  met  their  doom.  For  mutual  protection  and 
with  a  hope  of  building  up  the  business  again,  many  of  these  smaller 
creameries  consolidat^'d,  forming  large  companies. 

A  few  enterprising  men  had  by  this  time  taken  up  the  crusade  for 
the  farm  separator."  They  were  frowned  upon  by  all  conservative 
creamery  men.  Separator  agents  multiplied,  however,  and  began  to 
pile  up  evidence  that  the  farmer  could  cut  off  the  great  expense  of 
hauling  milk  both  ways,  and  farmers  began  to  buy.  This  was  the  third 
lesson  they  were  paying  for.  The  $100  necessary  to  buy  a  separator 
was  a  mountain  of  difficulty  at  first,  but  the  trained  separator  agent 
could  figure  profits  that  would  finally  tempt  the  most  conservative. 

It  soon  became  evident  that  the  farmer  was  going  to  have  a  sepa- 
rator. The  conservative  creamery  man  now  liegan  to  see  that  if  the 
farmer  bought  a  separator  and  wa.s  opposed  by  his  creamery-  in  so 
doing  the  cream  would  go  somewhere  el.se.  This  opened  up  the  whole 
territory  west  of  the  Missouri  River  and  the  creameries,  large  and 
small,  began  to  push  the  farm  separator  for  all  they  were  worth.  The 
separating  .station  dropped  out  of  view  almost  as  suddenly  as  it  had 
appeared,  scarcely  ten  years  before.  The  strenuous  time  in  the 
farm-separator  business  was  now  jjai-tially  transferred  from  the  field 

"The  machine  here  referred  to  Ih  the  centrifi^al  LTi»m  separator,  or  the  dairy 
centrifuge.  The  invtntion  was  bnii^lit  to  thin  I'ountry  from  Europe  about  1879,  but 
was  not  generally  adoptetl  until  Hoiue  yeans  later.  The  first  i^ntrifugal  cream  sepa- 
rators were  haod  niat-hiues  operate<l  by  a  crank.  Then  steam  power  waa  used, 
applied  by  t>elt  and  alsi)  directly,  aa  in  the  o|>eratioii  of  turbines.  Separatore  have 
become  commonly  known  tiiroi^h  tlie  use  of  power  niai^biaes  at  creameries  and 
separating  stations.  Tlie  farm  t^'paratur  in  the  aame  machine — the  centrifugal  creun 
separator — of  a  size  and  pattern  Buitiil  to  do  the  work  on  Ihe  farm.  Generally  it  is 
small  and  operated  by  a  crank  turned  by  hand.  But  it  luay  be  fitted  for  use  with  a 
dt^p  bullock,  or  other  animal,  or  by  water,  or  any  power  convenient  on  the  farm. 
Hence  while  the  farm  tieparator  is  usually  regarded  as  a  hand  machine,  the  way  io 
which  it  is  operated  is  merely  a  nutter  of  suitability  and  local  economy. — H.  E.  A. 
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to  the  factory.  Separator  companies  could  not  keep  up  ^ith  their 
orderM.  Farmers  could  hardly  wait  until  a  machine  could  be  delivered 
to  them.  To  be  sure,  this  great  demand  was  not  created  in  a  day. 
The  pioneer  work  for  the  farm  separator  was  slow  and  discouraging- 
to  those  who  were  earefullj'  fostering  its  interests.  The  farmer  bad 
already  bought  a  creamery  and  then  a  skimming  .station,  and  it  was 
almost  the  "last  straw"  to  ask  him  to  buy  a  separator.  Here  and 
there  a  machine  was  sold  and  the  leaven  began  to  work.  To-day  the 
creamery  business  of  Kansas  and  Nebruska  is  a  cream -gathering  sys- 
tem, and  the  farmer  has  the  separator  in  his  home.  In  the  more 
thickly  settled  portions  a  few  skimniing  stations  still  remain,  but  their 
days  are  numbered. 

The  day  of  speculation  as  to  the  probable  trend  of  the  business  is 
past.  The  farmer  now  has  a  separator  and  the  creamery  has  the 
product  from  it.  The  question  is  no  longer,  Will  the  creamery  man 
Bell  mat^hinesi  but,  What  can  the  farmer  and  the  buyer  of  cream  do  to 
make  their  use  more  profitable  to  all  concerned!  This  issue  must  be 
met  intelligent!}'  on  both  sides.  The  farmer  must  learn  that  he  has  a 
big  part  in  the  final  success  of  the  system  and  the  crcameiy  man  must 
learn  that  it  does  not  all  depend  upon  the  farmer,  but  that  there  are 
things  in  factory  management  which  he  must  study  and  put  in  prac- 
tice. So  interwoven  are  the  lines  leading  to  success  that  one  side  of 
this  question  can  not  Ihj  discussed  with  any  completeness  without  also 
taking  the  other  side  into  account.  As  a  matter  of  convenience,  as 
well  as  for  logical  .sequence  of  events,  the  discussion  will  begin  with 
the  farmer. 

I.    ADVANTAGRS   OF  THR   FASH   8EPABATOR  TO   THK    1>AIRYMAK. 

The  reason  for  the  rapid  spread  of  the  farm  separator  among  the 
dairymen  of  Kan.sas  and  Nebraska  has  already  been  suggested. 


The  average  distance  of  hauling  over  this  territory  is  about  6  miles. 
The  farmer  grew  tired  of  this  steady  job  himself  and  then  of  paying 
the  profits  to  some  one  else  for  doing  the  work,  and  finally  he  quit 
the  business.  The  cost  of  hauling  the  milk  both  ways,  in  the  farmer's 
time  or  in  the  money  he  paid  for  hauling,  was  a  greater  tax  than  the 
industry  would  stand.  This  cost  was  never  hsu  than  10  cents  per  100 
pounds,  and  it  was  often  15  cents  or  more.  This  meant  a  direct  tax  of 
2itob  cents  per  pound  on  butter  fat  that  was  worth  but  15  to  20 
cents  when  delivered.  No  industry  could  stand  this  tax  and  live.  It 
ought  not  to  stand  it.  This  tax  on  the  business  furnished  one  of  the 
leading  ai^uments  for  separator  salesmen,  and  rightly  so,  but,  like  most 
good  things,  this  argument  was  abused.  The  farmer  was  making  the 
trip  every  day  with  hia  milk  to  the  station.    It  was  held  out  to  him 
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that  with  the  separator  he  could  go  once  or  twice  a  week,  or  whenever 
he  got  a  canful  of  cream.  This  was  an  easy  ailment,  and  it  took 
well.  The  creamery  men  saw  the  danger,  but  for  the  time  seemed 
powerless  to  act.  They  accepted  it  aa  an  inevitable  result  of  the  intro- 
duction of  the  farm  separator  and  fought  against  its  introduction. 
But  they  were  powerless  to  lower  the  cost  of  hauling  milk  and  had  to 
accept  the  change.  There  is,  however,  one  thing  that  the  farmer  will 
yet  have  to  unlearn,  if  he  has  not  done  so  already.  He  must  recc^- 
nize  that  cream  is  a  perishable  article,  and  under  the  most  favorable 
conditions  will  soon  become  unfit  as  a  food  product. 

The  change  to  the  home  separator  proved  n  U)eans  of  reducing  the 
cost  of  hauling.  In  time  or  money,  to  1  cent  or  less  per  pound  of  butter 
fat.  This  difference  in  cost  l>etween  the  two  methods  went  into  the 
farmer's  pocket.  The  result  was  an  increased  interest  in  the  business 
and  greater  receipts  at  the  creameries. 


One  of  the  great  drawbacks  of  the  old  system  was  the  serious  loss 
in  the  vahic  of  the  skim  milk.  The  long  haul  to  the  station  and  the 
long  haul  home  consimied  from  five  to  eight  hours,  and  often  more. 
When  the  cans  of  skim  milk  were  delivered  at  the  patron's  door  the 
milk  was  asually  in  bad  condition,  and  the  calves  that  were  forced  to 
drink  it  were  in  a  worse  one.  The  skim  milk  was  one  of  the  things 
that  never  failed  to  bring  out  a  strong  argument  against  the  dairy 
business,  Wise  ones  often  filled  the  dairy  papers  with  articles  about 
how  t<i  fee«l  skim  milk  to  calves  successfully,  but  these  wise  ones 
didn't  live  at  the  end  of  a  la  mile  route,  where  they  had  to  feed  the 
article  as  it  wa»  delivered  to  them,  after  l>eing  from  eight  to  ten  hours 
on  the  road.  It  was  a  common  story  that  skim  milk  killed  the  calves 
and  pigs  and  was  not  worth  the  hauling  home.  This  was  probably 
much  overdrawn,  for  it  was  very  difficult  to  buy  any  of  this  skim  milk 
at  the  fa<torie9.  It  was  not  so  good  as  it  should  have  been,  but  it  was 
neede<l  and  recognized  as  indispensable  by  every  farmer.  Thfe  intro- 
duction of  the  farm  separator,  however,  wrought  a  great  change.  In 
visiting  hundreds  of  farmers  who  are  using  farm  separators,  the  writer 
has  not  heard  one  word  of  complaint  on  the  score  of  the  skim  milk. 
Calves,  pigs,  and  chickens  arc  greedy  for  it  and  all  are  doing  well  on  it. 
Men  who  would  never  consider  the  business  under  the  old  system 
have  been  convinced  tliat,  with  a  separator  at  home,  they  can  rai^ 
good  calves,  and  have  become  creamery  patrons. 


Man)'  authentic  instances  are  on  record  where  the  farmer  has  sold 
from  one-fonrth  to  one-third  moi-c  butter  fat  from  the  same  herd  after 
buying  a  separator;  not  that  he  did  not  get  pay  for  all  butter  fat  that 
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he  delivered  to  tb(^  creamery  whea  ho  hauled  milk,  but  because  he 
did  not  deliver  all  the  butter  fat  to  the  creamery.  The  skim  milk  wart 
coming  back  from  the  creamery  in  condition  unfit  for  the  calves. 
Nevr  milk  waa  fed  them  instead.  This  happened  often,  with  the  Tcnalt 
that  the  calf  was  eating  butter  fat  worth  from  15  to  ^  cents  per  pwund 
when  an  equal  amount  of  corn  chop  worth  about  2  ccDtii  per  pound 
would  have  ser^'ed  almost  as  well.  When  the  fann  separator  wa.s 
bought,  the  calves  were  weaned  earlier  from  whole  milk;  in  fact  many 
of  them  got  no  more  whole  milk.  The  butter  fat  wan  sold.  Then 
again  many  who  hauled  their  own  milk  had  to  quit  for  a  while  in  the 
busy  sea:jon.  They  could  not  Hpare  a  team  to  take  the  milk  in.  When 
they  Jwught  a  uteparator  the  children  with  the  old  family  borne  and 
cart  delivered  the  cream  as  regularly  in  these  busy  seasons  as  in  any 
other.  Under  the  old  system  occasioniilly  a  can  of  milk  would  sour 
and  be  returned,  and  Sunday's  milk  could  hardly  ever  l>e  kept  over. 
With  the  separator  this  never  occurred.  Thus  many  farmers  were 
very  much  surprisetl  to  tind  their  monthly  checks  from  one-fourth  to 
one-third  larger  than  they  had  l>eeD  before. 


When  the  separator  was  ptin^hased  the  farmer  found  he  could  just 
as  well  milk  a  few  more  cows.  He  had  plenty  of  cans;  he  did  not  Imve 
to  spend  a  half  day  delivering  the  milk;  and,  besides,  the  separator 
had  to  be  paid  for.  The  result  has  l>ecn  an  increased  number  of  cows 
in  the  dairy  and  a  corresponding  increase  in  income  per  farmer  all 
over  the  territory  undei-  consideration. 


There  came  to  each  purchaser  of  a  separator  a  feeling  that  he  was 
independent  of  any  one  ooneern.  This,  while  not  a  mutter  of  advan- 
tage pttrhaps  in  actual  income,  was  a  mental  relief  that  wius  worth 
something.  The  cream  could  be  shipped  far  or  near  just  as  be  chose 
or  as  the  creamery  man  could  interest  bim.  This  feature  of  the  farm- 
separator  system  has  not  done  as  much  damage  to  the  creameries  as 
they  at  first  thought  it  would.  The  farmei'sfind  their  home  men  hon- 
est and  stand  by  them. 

DICREAHED    PKICB   FOR   BCTTKR   PAT. 

■  The  iuereased  price  of  butter  fat  was  an  argument  that  was  used  to 
good  effect  and  with  some  truth.  A  few  creameries  went  so  far  as  to 
pay  more  for  butter  fat  shipped  by  the  fanner  direct  than  for  that 
which  the  station  was  made  the  medium  of  gathering.  The  price  paid 
to  farmers  is  higher  in  proportion  to  the  butter  market  than  it  was 
aader  the  whole-milk  system.     This  resulti^  from  competition  to  get 
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buHinesa  and  als<)  from  the  fact  that  thera  is  iesH  expense,  on  the  whole, 
attached  to  the  cream  system.  This  increased  price  may,  however,  be 
temporary,  an  will  be  pointed  out  further  on. 


There  are  apparently  no  dangers  that  have  been  real;  bnt  Rome 
seriuuH  onen  may  develop  nnlc^  the  farmer  studies  the  situation  and 
follows  the  instructions  given  him  by  his  creamery.  With  the  intro- 
duction of  the  farm  sepanitor,  where  everything  in  so  obviously  to  the 
advant^e  of  the  farmer,  he  should  not  forget  that  the  succeas  or  fail- 
ure of  the  wliolp  enterprise  hinges  lai^ely  on  the  demand  there  may  be 
for  the  product  of  his  sepanitor.  If  the  creameries  are  forced  to  turn 
out  a  second-grade  or  third-grade  product  because  of  inferior  creaiii, 
sold  by  indifferent  farmei-s,  the  disadvantages  to  the  farmer  may 
become  painfully  apparent  to  him.  The  fact  is  that,  up  to  the  present 
date  of  writing,  the  quality  of  butter  produced  from  farm-separator 
cream  has  been  inferior  to  what  it  was  in  tiie  sanle  territory  under  the 
whole-milk  nystem.  This  has  caused  much  loss  to  creaaiery  men  and 
will  ultimat^'Iy  react  on  the  pi-oducer  of  cream,  unless  he  lakes  some 
radical  steps  to  l>etter  the  quality  of  his  product.  With  this  thought 
in  view,  the  matter  of  the  care  of  the  separator  and  the  cream  will  be 
discussed.  It  is  hoped  that  the  farmei'  will  take  this  matter  to  heart 
and  seriously  <-onsider  the  question  of  his  future  profit  in  the  business 
and  bow  he  can  best  obtain  it. 

!I.    THE    FARM   SEPAKATOR:    ITS   CARE   AND   MANAGEMENT. 

Separator  companies  issue  books  of  instruction  with  each  machine 
which  are  sufficiently  clear  aiid  comprehensive.  These  will  insure 
good  care  of  the  ma<'hine  if  followed.  It  sometimes  happens,  bow- 
ever,  that  the  purchaser  thinks  he  knows  more  about  the  machine  and 
how  it  should  be  usal  than  the  manufacturer.  Such  a  one  generally 
comes  to  grief. 


The  separator  is  made  for  one  specific  purpose — that  of  skimming 
milk.  The  skimming  is  done  wholly  by  centrifugal  foix:e — that  force 
that  makes  a  ball  pull  on  a  string  if  it  is  attached  to  one  end  and 
whirled  around  the  hand  in  a  circle.  The  pull  that  is  exerted  through 
the  string,  as  though  the  ball  were  trying  to  get  away,  is  the  centrifu- 
gal force.  The  centrifugal  force  in  a  separator  causes  the  milk  to 
flow  away  from  the  center  of  the  bowl  and  hug  the  inside  of  the  bowl 
wall.  The  skim  milk  thus  forces  it*i  way- to  the  parts  farthest  from 
the  center,  while  the  cream,  which  is  lighter,  lags  behind  and  collects 
in  the  middle  of  the  bowl.  Strictly  speaking,  the  skim  milk,  being 
heavier,  is  separated  from  the  cream  by  the  action  of  centrifugal 
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force,  iu9tead  of  the  cream  being  extracted  from  the  milk.  Openings 
on  the  outer  edge  of  the  bowl  carry  off  the  akim  milk  and  an  opening 
near  the  center  carriea  off  the  cream.  One  is  discharged  below  the 
other  and  they  are  caught  in  different  pans  or  receptacles  and  thus 
carried  away  from  the  machine. 

The  various  patterns  of  separators  found  on  the  market  have  differ- 
ent devices  in  the  bowl  for  aiding  the  separation.  These  are  always 
purely  aids.  The  old  style  hollow-bowl  machines  had  simply  a  bowl 
with  a  wiDg  soldered  to  the  inside  in  a  line  with  the  axis  or  central 
shaft  to  make  the  milk  revolve  with  the  bowl.  There  was  more  or 
less  remixing  of  cream  and  milk  after  it  started  to  separate,  and  the 
efficiency  was  low  both  as  to  closeness  of  skimming  and  to  quantity 
of  work  done.  Every  internal  device  used  in  separators  has  l>oen  put 
there  to  overcome  these  difficulties — to  keep  the  milk  from  remix- 
ing, to  make  it  pass  through  the  bowl  in  a  steady  ffow,  and  to  divide 
it  up  in  such  ways  that  a  greater  quantity  of  milk  can  be  passed 
through  the  bowl  and  receive  the  action  of  the  separating  force.  The 
steady  even  flow  secured  by  these  devices  is  also  obtained  or  helped 
by  a  perfectly  steady  and  uniform  motion  of  the  IkjwI.  If  the  machine 
shakes  while  it  is  skimming  there  will  be  some  intermixing  of  the  milk 
and  cream  and  the  result  is  poor  skimming-  The  operator  should  aim 
to  secure  two  things  if  he  expects  his  machiue  to  do  good  work:  (1) 
A  perfectly  true  motion  of  bowl,  and  (2)  a  siiffi<^ient  speed  (which  must 
Vie  uniform)  to  create  force  for  seimrating. 

In  order  to  have  the  perfect  motion  of  the  bowl,  the  nutchine  must 
be  set  level  and  be  kept  clean  and  well  oiled.  The  oil  should  be  thin, 
or  light,  ao  that  it  jvill  not  gum  the  wciiring  parts.  A  heavy  oil  will 
make  the  machine  run  bard  and  will  gum  quickly  on  small  high-speed 
bearings.  All  the  bearings  of  the  machine  should  be  frequently 
flushed  with  coal  oil.  It  is  well  to  make  n  run  alxiut  once  in  two  or 
three  weeks,  using  coal  oil  on  all  the  bearings.  This  keeps  the  parts 
free  from  gum  and  washes  out  grit  or  sand  that  may  have  blown  into 
them.  It  is  an  excellent  plan  to  have  a  cover  of  close-woven  cloth  or 
oilcloth,  that  can  be  kept  over  the  machine  while  it  is  not  in  operation. 
This  will  keep  out  dust  and  sand  and  will  add  materially  to  the  lasting 
powers  of  the  machine.  The  separator  should  l>e  set  up  on  a  good 
solid  floor,  so  that  it  will  not  move  about  us  the  operator  turns  the 
crank. 

Uniform  centrifugal  force  is  obtained  by  turning  the  crank  at  a 
given  speed  at  all  times  and  giving  the  crank  an  equal  pressure  at  all 
points  in  its  circuit  around  its  axis.  All  machines  have  marked  upon 
them,  or  given  in  the  instmction  book,  the  number  of  revolutions  the 
crank  should  make  per  minute.  Follow  these  instructions,  counting 
the  revolutions  each  time  the  machine  is  operated  and  frequently 
during  operation,  to  be  sure  the  speed  is  maintained.     This  is  a  point 
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ill  which  much  careli^sH  work  is  dune.  Tou  many  guess  at  the  speed, 
and  thoj'  ycldom  gucs«  right.  It  in  a  good  rule  never  to  guess  at  aay- 
thing  when  it  is  possible  to  know.  The  writer  lias  found  variation 
all  the  way  from  25  to  75  revolutions  per  minute  in  the  operation  of 
maciiines  by  guess.  At  neither  of  these  extrcmeo  would  the  operator 
believe  that  be  wao  wrong,  until  he  had  been  made  to  count  the  num- 
ber of  revolutions  by  the  watch. 

The  life  of  a  separator  depends  mainly  upon  the  factors  just  pointed 
out.  A  machine  that  is  allowed  to  run  gummy  or  dirty  may  wear  out 
in  a  year.  If  kept  free  from  dirt  and  well  oiled  it  will  last  a  number 
of  years.  One  of  the  objections  urged  against  the  separator  ha»  been 
that  it  would  not  he  pi-operly  handled  and  that  one  or  two  years' 
service  would  wear  the  machine  out.  After  visiting  several  hundred 
farms  and  inspecting  as  many  machines,  the  writer  has  concluded  that 
the  farmers,  as  a  whole,  are  taking  much  better  care  of  their  separa- 
tors, nieobanically,  than  was  anticipated.  Machines  have  been  noted 
that  had  seen  weveral  years'  »ei-vice  and  were  still  practically  as  good 
as  new.  In  a  few  instances  careless  operators  had  nearly  worn  a 
machine  out  in  less  than  twelve  months.  The  farmer  never  bought  a 
machine  before  in  the  use  of  which  he  was  so  frequently  and  urgently 
reminded  that  he  must  take  care  of  it. 


This  has  already  been  discussed,  but  it  should  be  noted  here  that 
the  greater  the  siieed  the  great*(r  the  centrifugal  force,  and  thus  the 
greater  the  efficiency  in  s^'paration.  The  speed  at  which  a  machine 
should  Im)  run  is  indicated  by  the  manufacturer.  Never  run  less  than 
this;  it  is  not  practicable  to  run  more.  Slow  speed  has  two  effects  on 
the  work  of  the  machine.  (1)  The  separation  will  not  be  complete  and 
(2)  the  cream  will  be  thin.  The  incomplete  separation  means  a  loss  of 
butter  fat  left  in  the  skim  milk.  This  loss  should  be  avoided,  and  it 
can  be  by  running  at  the  required  speed.  Count  the  turns  of  the 
crank  by  the  watch. 


In  most  machines  this  flow  is  fixed  by  the  size  of  the  opening  and  the 
height  of  the  supply  can;  in  some  it  is  not.  Within  certain  limits  the 
amount  which  passes  through  the  bowl  has  a  decided  effect  upon  the 
seimration.  The  faster  the  milk  passes  through,  the  shorter  the  period 
in  which  the  centrifugal  force  acts  on  it  and  the  less  complete  is  the 
separation.  If  the  amount  of  milk  is  turned  off  about  one-half,  by 
partially  closing  the  faucet  over  the  bowl,  the  cream  will  be  thicker. 
It  may  become  so  thick  that  it  will  not  flow  from  the  machine.  If  the 
float  should  l>e  removed  and  the  pan.  be  allowed  to  run  full  of  milk, 
without  any  other  change  of  condition,  the  cream  would  be  very  thin. 
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In  thiK,  as  in  change  of  spnod,  the  quulity  of  tlic  Hkimmin};  iHaffc<-t4>d. 
The  greater  the  supply  of  milk  thp  loss  [perfect  the  ttkimniing,  and  if 
the  supply  nhould  bouonie  no  smaM  that  the  cream  would  not  flow  from 
the  machine,  all  of  the  milk  would  paas  out  through  the  skim-milk 
tubes. 


The  warmer  the  milk  the  more  fluid  it  is.  It  is  a  rule  adopted  by 
all  creamery  men  in  oijerating  power  machini>s  that  the  milk  must  Iw 
separated  at  a  temperature  above  85°  F.  Cold  milk  is  more  %-iscous, 
or  less  fluid,  than  warm  and  the  cream  will  not  !>e[>arateso  readily.  If 
this  is  true  of  power  machines,  where  everytbing  runs  more  uniformly 
than  is  possible  with  a  hand  machine,  it  is  certainly  true  of  the  hand 
machine.  It  is  one  of  the  stock  arguments  of  some  separator  agents 
that  their  machine  will  skim  cold  milk.  Proliably  the  statement  is 
true.  If  so,  it  shows  a  wide  range  of  adaptability  for  the  machine  and 
that  it  is  so  built  thatitisditflcult  to  clog  up.  Take  the  argument  for 
what  it  id  worth,  but  do  not  skim  cold  milk  unless  you  expect  to  leave 
some  butter  fat  in  the  skim  milk.  The  milk  should  be  separated  as 
quickly  as  passible  after  milking;  then  the  skimming  will  be  cleanest, 
the  skim  milk  will  be  best  for  the  calves,  and  the  cream  will  keep 
better. 


The  function  of  the  cream  screw  is  to  regulate  the  percentage  of 
butter  fat  in  the  cream  sei«ira,ted,  and  enable  the  operator  to  make 
allowance  for  (changes  of  season  and  character  of  milk  to  the  extent  that 
a  uniform  cream  may  be  obtained  under  all  conditiouH,  if  so  desired. 

One  of  the  most  frequent  questions  a.sked  is,  "Why  does  my  t«st 
vary  so  much!"  The  reasons  have  nearly  all  been  given  in  the  fore- 
going paragraphs.  The  toat  varies  with  the  speed  of  the  machine, 
with  the  amount  of  milk  run  through  the  machine,  and  with  the  tem- 
perature of  the  milk.  Every  machine  has  some  device  for  changing 
the  test  of  the  cream  when  these  factors  remain  constant.  It  is  done 
either  by  an  adjustable  outlet  for  cream  or  skim  milk.  In  most  cases 
the  adjustment  is  in  the  cream  outlet.  Directions  for  adjusting  the 
cream  screw  are  given  in  the  Ixwks  of  instruction  that  go  with  the 
ma<;hines.  There  are  some  factors  of  sepai-ation  not  mentioned  above 
which  influence  the  percentage  of  fat  in  the  cream.  These  factors  are 
usually  overcome  by  proper  adjustment  of  the  cream  screw.  In  the 
summer,  when  the  cows,  on  green,  succulent  pasture,  are  at  their  best 
and  giving  large  quantities  of  milk,  the  milk  is  easy  to  skim.  The 
reverse  is  true  in  winter  if  the  cows  are  whollj'  on  dry  feed.  It  is 
usually  the  ca,se  that  milk  tests  higher  in  butter  fat  in  winter  than  in 
summer  if  most  of  the  cows  calved  in  the  spring.  These  facts  have 
their  influence  on  the  test  of  the  cream.     As  a  rule,  rich  milk  will  give 
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the  richest  cream,  other  thingfs  teing  equal.  It  will  give  no  more  but- 
ter fat  than  i:^  contained  in  the  milk,  hut  the  cream  will  be  richer  in 
butter  fat.  The  proportion  of  milk  to  cream  remains  about  the  same, 
therefore  the  cream  testa  richer  in  fat.  It  thus  happens  that  in  winter 
the  cream  screw  has  to  be  set  so  it  will  make  a  larger  quantity  of 
cream  from  a  given  amount  of  milk  than  is  customary  or  necessary  in 
summer. 


If  the  mechanical  care  of  a  machine  iH  important  as  affecting  its 
durability,  the  sanitary  care  of  the  machine  18  doubly  so  as  affecting 
the  purity  of  the  product  which  passes  through  it.  Milk — one  of  the 
best  and  purest  of  human  foods — is  one  of  the  quickest  to  become 
unfit  for  food  if  it  is  not  kept  clean  and  handled  in  clean  vessels. 
While  the  purchaser  of  a  separator  has  been  again  and  again  impressed 
with  the  idea  that  it  must  be  kept  in  perfect  order,  the  same  agent 
who  went  to  such  pains  on  this  point  has  told  him  that  the  parts 
which  come  in  contact  with  the  milk  need  not  be  washed  oftener  than 
once  a  day  and  that  the  cream  could  be  delivered  once  a  week.  It 
would  be  one  of  the  greatest  blessings  to  the  dairyman,  the  creamery 
man,  and  the  consumer  of  butter  if  the  machine  should  go  to  pieces  in 
a  month  if  not  kept  scrupulously  clean  every  minute  of  the  time.  It 
is  right  here  that  the  advantage  of  the  band  separator  to  the  farmer  may 
turn  to  naught  unless  the  fact  that  cleanliness,  which  is  so  essential  to 
purity  of  product  and  to  profit  in  the  business,  is  thoroughly  impressed 
upon  the  user.  It  is  not  enough  to  rinse  the  mmthine  out  with  a  little 
warm  water  and  let  it  stand  until  next  time.  It  is  the  sHme  and  solid 
particles  of  unclean  matter  in  the  milk  that  ai'c  caught  and  held  in  the 
bowl.  The  temperature  is  just  right  to  set  this  material  to  decaying 
at  once;  and  if  the  parts  are  not  clean,  an  evil  smell  soon  develops. 
The  machine  must  bo  well  washed  after  every  separation  of  milk. 

There  are  some  things  that  the  average  housewife  needs  to  learn 
about  washing  vessels  that  come  in  contact  with  milk.  The- dish- 
cloth as  found  in  the  average  kitchen  should  never  be  used  on 
dairy  utensils.  It  is  the  exception  where  one  will  be  found  to  smell 
sweet  an  hour  after  it  has  l^en  used;  and  yet  milk  utensils  are  often 
washed  with  it  and  wiped  with  a  towel  that  has  done  duty  on  all 
of  the  china  and  glassware  of  the  household,  and  possibly  the  pots 
and  kettles,  before  the  tinware  of  the  separator  is  touched.  Discard 
the  dishcloth  and  the  dish  towel  when  the  milk  utensils  are  being 
washed.  Wash  them  in  warm  water  first,  with  plenty  of  some  wash- 
ing compound,  and  use  a  brush  to  do  the  work,  but  never  a  r^.  Get 
into  every  part  of  them,  after  which  rinse  off  with  clean  warm 
water,  and  then  either  put  them  in  Iwiling  water  or  pour  boiling 
water  over  them.     Stand  the  parts  up  so  that  they  will  drain,  and 
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uae  noclotb  to  wipe  them.  The  hot  surface  will  dry  them  quickly, 
and  they  will  be  clean.  Leave  the  parts  in  a  aunehiny  place  if  possi- 
ble.  This  may  seem  to  be  putting  too  much  stresa  on  the  case,  but 
evidence  ^thered  in  the  field  showy  the  need  of  some  vigorous  words 
along  this  line.  The  outside  of  the  frame,  which  does  not  come  in 
direct  contact  with  the  milk,  needs  the  same  scrupulous  care.  Oases 
have  been  noted  where  the  color  of  the  machine  could  scarcely  be  dis- 
tinguished because  of  the  grease  and  dirt  or  dried  milk  covering  the 
paint.  Pure  cream  could  hardly  be  cxpcct^'d  ever  to  come  from  such 
a  place.  It  is  pleasant  to  know  that  at  more  than  three-fourths  of  the 
farms  visited  the  separators  were  well  kept  and  the  people  were  try- 
ing to  do  the  best  they  knew  how.  There  was,  however,  a  great 
lack  of  knowledge,  and  this  should  be  supplied  to  the  users  of  sepa- 
iTtora  in  some  way  or  another.  It  is  hoped  that  this  bulletin  may  do 
uomethiDg  in  that  line. 

in.    MANAGEMENT  OF  CREAM    ON  THE    FARM. 

The  dairy  industry  of  Kansas  and  Nebraska  is  comparatively  new. 
It  is  not  the  main  business  of  the  fanner,  but  rather  a  side  issue, 
forced  upon  him  by  adverse  conditions  or  aggressive  creamery  agents. 
The  farmers  of  this  section  have  never  given  the  matter  their  serious 
attention.  They  know  that  it  brings  them  in  a  steady  income,  but  it  is 
confining,  and  they  will  not  milk  unless  they  have  to.  This  is  the 
general  condition  of  the  business.  With  this  as  the  prime  Incentive, 
the  farmer  feels  that  he  does  not  want  to  put  any  expense  into  the  busi- 
ness that  is  not  necessary.  This  line  of  thought  has  practically  pre- 
vented him  from  spending  any  money  for  better  care  of  his  dairy 
product*).  He  has  the  cows  and  the  separator,  and  the  market  that 
takes  his  cream  asks  but  little  of  bim  in  the  way  of  quality.  Natu- 
rally, but  little  has  l>een  done  to  keep  the  product  pure  from  the  time 
the  cow  has  been  milked.  Times  are  changing  rapidly  in  this  respect. 
The  creameries  are  requiring  quality  tests  to  be  made  of  the  patron's 
cream  and  are  paying  for  it  on  that  basis.  This  is  going  to  bring  the 
farmer  face  to  face  with  a  new  proposition.  He  must  learn  how  to 
care  for  his  cream  in  such  a  way  that  he  may  deliver  it  to  the  cream- 
ery in  perfect  condition. 


This  is  the  starting  point  of  most  of  the  trouble  with  cream:  The 
milker  sits  down  with  a  pail,  open  at  the  top,  and  begins  to  milk. 
Any  dust,  straw,  or  manure  that  may  be  hanging  to  the  udder  is 
gi-adually  worked  off  and  finds  its  way  into  the  milk  pail  as  the  milking 
proceeds. 
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It  is  not  the  pTOvince  of  this  bulletin  to  enter  into  any  lenjjthy  di;*- 
cusHion  of  the  subject  of  baeteriology,  but  enough  must  be  said  to  give 
a  clear  understandinj^  of  the  effect  of  mixing  with  the  milk  this  dirt 
from  the  hair  and  udder  of  the  cow.  Every  particle  of  such  dirt 
carries  with  it  a  quota  of  genu  life.  Thin  germ  life  consists  of  minute 
plants,  so  amall  that  thej'  can  not  be  seen  without  the  aid  of  a  micro- 
scope. The  function  of  this  plant  growth  ia  to  cause  decay.  All  decay 
is  brought  about  by  the  action  of  thia  germ  life,  or  Itat^'tcria.  Cicmi 
life  requires  certain  thiags  to  promote  growth,  just  the  same  as  does 
corn,  wheat,  or  any  other  plant  with  which  the  farmer  is  fauiiliar. 
The  corn  requires  food,  moisture,  and  warmth  to  make  it  grow  and 
thrive.  These  must  be  furnished  at  the  right  time  and  in  the  right 
form  or  the  corn  does  not  thrive.  It  is  just  so  with  germ  life.  The 
gornis  require  proper  food,  warmth,  and  moisture  to  grow.  All  of 
the  conditions  which  best  promote  the  gruwth  of  these  minute,  invisible 
plants  are  found  in  warm  milk  as  it  is  drawn  from  the  udder.  Thus 
while  the  dairyman  milks  he  unconsciously  plants;  he  plants  the  8eed 
of  destruction  in  the  very  product  he  ia  going  t<i  market.  The  destruc- 
tion begins  at  once  and  is  carried  on  very  nipidly  so  long  as  the  proper 
temperatures  are  maintained. 

The  remedy  would  naturally  suggest  itself.  Stop  the  dirt  from  get- 
ting into  the  milk.  This  can  be  done  easily  and  quickly.  If  the 
milker  will  carry  with  him  a  damp  cloth  and  carefully  wipe  off  the 
udder  and  the  paits  immediately  ai-ound  it,  the  trouble  will  to  a  great 
extent  be  prevented.  All  of  the  coarser  particles  of  dirt  will  be 
rubbed  off  and  the  Kner  particles  of  dust  dampened  so  that  they  will 
not  fall  into  the  pail.  This  work  will  require  but  a  few  momenta  of 
extra  time  and  would  prevent  much  after-trouble  in  the  way  of  sour  and 
ill-flavoi-ed  cream.  The  cow  should  be  milked  in  a  place  in  which  the 
air  is  free  from  dust.  In  the  winter,  or  when  the  cows  are  kept  in 
the  stable,  never  feed,  or  move  hay,  or  clean  out  the  place,  or  do  any- 
thing to  atii-  up  dust  or  strong  smells  just  Ijefore  milking. 


The  cream  should  l>e  .separated  at  once  after  milking,  while  the  milk 
still  has  the  animal  heat  in  it.  The  work  of  the  day  should  be  so 
arranged  that  this  can  l)e  done.  Do  not  use  a  cloth  strainer.  The 
separator  will  remove  all  the  solid  dirt  that  may  be  in  the  milk  much 
better  than  it  can  be  done  with  a  sti'ainer.  There  never  was  a  cloth 
strainer  used  that  would  not  in  a  few  days  become  yellow  and  smell 
bad.  Under  the  best  conditions,  where  steam  can  Iw  used  to  help  in 
cleansing,  the  cloth  strainer  i.-,  more  of  a  snare  tlian  a  benefit.  A  well- 
made  wire  strainer  might  be  used,  but  there  is  no  need  of  any  strainer. 
Pour  the  fresh,  warm  milk  directly  into  the  supply  can  and  send  it 
through  as  quickly  as  possible. 
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At  once  on  finUbin^  th«  skimming  Iwgin  the  cooling  of  the  cream. 
The  calves  can  wait  a  few  minutes  bett«r  than  can  the  cream. 
There  are  devices  made  for  <'OoIing  the  cream  as  fast  an  it  comes 
from  the  separator.  They  are  good  and  oan  be  made  of  much  service 
if  kept  clean,  but  they  add  to  the  number  of  utensils  that  have  to  be 
washed  and,  like  the  strainer,  they  may  be  dispensed  with.  The 
dairyman  should  provide  himself  with  enough  cans,  made  after  the 
old  style  "Oooley"  or  "shotgun"  can,  to  hold  the  cream.  A  can  of 
this  kind  holds  from  3  to  5  gallons,  is  about  20  inches  deep  and  It 
inches  in  diameter.  These  cans  are  the  best  to  keep  the  cream  in  at 
the  farm.  They  are  convenient  to  use  and  keep  clean,  and  they 
present  a  large  cooling  surface,  which  is  a  great  advantage  in  cooling 
fveam, 

Immediately  after  separating  set  the  pail  or  pail-s  of  cream  in  a  tank 
of  cold  water  and  stir,  testing  the  temperature  with  a  thermometer 
until  the  cream  is  as  cold  as  the  water.  This  point  is  imperative  if 
success  is  to  be  obtained.  As  with  the  cleaning  of  the  cow,  this  is  a 
matter  of  a  few  extra  minutes,  but  it  will  be  a  factor  in  deciding  suc- 
cess or  failure.  The  stirring  rod  and  the  thermometer  should  be  con- 
sidered as  indispensable  as  the  crank  on  the  sepamtor,  and  yet  hardly 
one  in  five  hundred  farmers  of  the  West  have  a  thermometer  that  can 
be  used  for  this  purpose.  If  the  can  of  cream  is  set  in  a  tank  of  water 
and  left  without  stirring,  it  will  be  hours  l)efore  it  becomes  thoroughly 
cool.  In  the  meantime  the  germs  which  have  gotten  into  it  in  spits 
of  the  greatest  of  (rare  have  been  multiplying  at  a  tremendous  rate  nnd 
the  cream  goes  to  the  station  spoiled.  At  the  temperature  of  ordi- 
nary well  water  the  development  of  the  germs  is  very  slow,  and  for 
this  reason  no  time  should  be  lost  in  cooling  the  cream  to  this  temper- 
ature. The  thermometer  is  absolutely  the  only  means  by  which  one 
can  tell  whether  the  cream  is  cooled  or  not.  By  stirring  and  testing 
with  tne  thermometer  frequently  the  task  of  cooling  will  be  found  to 
be  short  and  one  will  quit  with  the  satisfaction  of  knowing  that  the 
cream  is  cool.  It  ought  to  be  cooled  down  to  60^  F.,  and  if  the  water 
is  cold  enough  to  carry  the  cream  lower  so  much  the  better. 


(lenerally  speaking,  there  is  almost  an  entire  lack  of  facilities  for 
holding  cream  on  the  Western  faiTii.  The  majority  of  fanus  have 
wind  pumps  at  or  near  the  house.  The  pump  furnishes  an  excellent 
location  for  an  ideal  milk  house.  On  many  farms  visited  the  owner 
had  built  around  the  windmill  tower,  or  at  one  side  of  it,  a  building, 
usually  ti  by  H  feet,  in  which  was  placed  a  tank  deep  enough  to  sot  the 
milk  cans  and  have  water  come  up  to  their  necks.     All  of  the  water 
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pumped  for  stock  and  other  purpo^tC:^  of  tbc  faiiu  is  run  through  the 
tank  and  then  out  into  the  stock  tank.  This  room  often  t-ontains  the 
separator  and  a  work  table;  in  fact,  here  is  done  the  dairy  work  of 
the  farm.  With  an  arrangement  of  this  kind  and  a  good  tbenuometer 
the  cream  should  be  kept  without  difficulty  from  forty-eight  to  seventy- 
two  hours  in  the  hottest  weather.  Such  a  building  trosts  but  little,  and 
the  convenience  of  having  a  place  for  the  milk,  cream,  and  dairy  uten- 
sils is  in  itself  enough  to  justify  the  expense  of  building  it.  Asa  matter 
of  fact,  the  farmer  who  is  going  to  get  the  best  price  for  his  cream 
will  have  to  provide  himself  with  a  place  to  keep  it  cool  until  it  can 
be  delivered  to  the  station.  Keep  it  just  as  cool  as  h  possible,  without 
freezing,  up  to  the  time  it  is  delivered. 

There  are  some  points  liesides  the  immediate  cooling  and  holding  at 
a  cool  temperature  that  must  be  observed  in  order  to  insure  good 
cream.  The  different  skimmings  of  cream  should  never  l>c  mixed 
until  lK>th  are  of  the  same  temperature.  The  cream  when  cooled  down 
keeps  fairly  well,  but  if  some  warm  cream  should  be  mixed  with  it  the 
temperature  will  )*e  raised.  At  once  the  germ  life  Incomes  more 
active  and  souring  takes  place  I'ery  quickly.  No  vegetables  or  other 
produi^e  having  strong  odors  should  be  kept  in  the  same  room  with 
the  cream.  It  takes  such  odors  very  readily  and  i-etains  them  tena- 
ciously. In  fact,  keep  the  milk  room  for  milk  and  nothing  else,  and, 
above  all,  have  plenty  of  windows  to  admit  sun.shine  when  wanted, 
and  ase  plenty  uf  "elbow  grease ''  in  keeping  it  sweet  and  clean. 


In  many  instances  all  the  good  work  done  is  entirely  spoiled  because 
the  cream  is  not  cared  for  in  delivery.  The  writer  has  observed  many 
thousand  c-ans  in  process  of  delivery,  and  in  nearly  99  per  cent  of  them 
the  work  was  done  in  such  a  manner  as  to  damage  the  cream.  For 
some  reason,  probably  through  lack  of  better  information  on  the  part 
of  the  person  delivering  the  cream  and  also  on  the  part  of  the  man 
receiving  it,  the  cream  was  handled  as  though  no  damage  could  come 
to  it  after  it  was  taken  away  from  the  farm.  It  mattered  not  whether 
the  heat  of  the  summer's  sun  or  the  cold  blast  of  the  winter's  storai 
was  on,  the  can  of  cream  was  exposed  to  it  all.  Withdraw  the  lid  of 
a  can  of  cream  that  has  been  exposed  to  the  heat  for  one  or  more 
hours  and  the  first  whiff  is  a  sour  one.  The  cream  will  be  found  to 
l>c  several  degrees  warmer  than  when  taken  from  the  water  tank  at 
the  farm.  This  warming  has  the  same  result  as  mixing  warm  cream 
with  cold:  The  germ  life  is  made  active  and  the  souring  process  goes 
on  with  greater  rapidity  than  before.  It  is  a  simple  thing  to  cover 
the  ci-eam  can  with  a  wet  sack  or  blanket  and  throw  over  this  a  di-y 
one,  which  will  effectually  stop  the  mischief.  With  this  precaution 
the  cream  will  arrive  at  the  station  as  cool  as  when  taken  from  the 
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farm.  V*^y  this  should  be  so  commonly  neglpcted  \n  almost  beyond 
compi-eheD»ioii,  hut  it  is  the  most  univeraal  of  all  wrong  thiugti  done 
by  the  farmer  in  the  production  of  pure  cream.  The  same  precau- 
tion, except  that  the  blanket  should  be  dry,  is  a  sure  protection  against 
freezing  in  winter.  Creamery  men  should  insist  that  cream  be  deliv- 
ered properly,  to  avoid  the  loss  which  occurs  constantly  through  care- 
ies.sness  of  this  kind. 


It  is  a  safe  proposition  to  say  that  in  95  cases  out  of  100  the  cream 
is  not  delivered  oftener  than  three  times  per  week  in  summer  and 
twice  a  week  in  winter.  There  are  many  reasons  for  this.  The  objec- 
tions given  to  hauling  milk  apply  to  cream  and  are  met  by  less  frequent 
delivery.  The  distance  of  haulinjj;  is  not  less  than  6  miles  on  theaver- 
age,  and  it  is  a  question  whether  the  patron  can  afford  to  make  the 
trip  more  thah  three  times  per  week.  Some  of  the  larger  creameries 
I'eceive  cream  but  three  times  per  week  and  others  four  timps,  while  a 
number  keep  their  stations  open  every  day  except  Sundays.  From  80 
to  90  per  cent  of  patrons  of  stations  that  are  open  every  day  do  not 
deliver  oftener  than  three  or  four  times  per  week.  The  direct  ship- 
pers, or  those  who  take  their  cream  to  the  railroad  station  and  ship 
directly  to  a  ccnti"al  plant,  make  from  one  to  five  shipments  jM-r  week. 
The  larger  number  of  this  clas.s  will  not  average  over  two  shipments 
per  week.  They  hold  their  cream  until  they  get  either  a  5,  8,  or  10 
gallon  can  filled.  There  is  a  tendency  in  some  quarters  to  urge  farm- 
ers to  more  frequent  delivei-y  and  in  others  to  insist  on  better  care 
of  the  cream  between  deliveries.  The  creameries  which  operate  their 
stations  but  three  times  per  week  are  forced  to  the  latter  alternative. 

The  question  of  delivery  should  not  be  placed  upon  a  par  with 
keeping  cream  at  the  farm;  or,  in  other  words,  there  is  a  difference 
that  should  be  noted  on  the  part  of  both  the  creamery  and  the  patron 
which  is  of  importance  to  each.  The  cost  of  keeping  milk  and  cream 
at  the  farm  is  practically  paid  when  the  equipment  is  put  in  to  prop- 
erly handle  it.  This  equipment  need  not  be  renewed  for  years  if  it  is 
properly  cared  for.  The  time  required  to  put  the  cream  in  shajw  for 
keeping,  over  that  spent  by  the  dairyman  who  neglects  this  part,  is 
very  small.  On  the  other  hand,  the  hauling  takes  time  for  every 
delivery  and  the  cost  is  always  that  much  more  for  each  delivery  made. 
The  investment  is  never  completed,  but  has  to  be  worked  out  as  time 
goes  on.  It  is  plain  that  the  more  frequent  the  delivery  of  cream 
the  greater  becomes  this  part  of  the  expense.  If  it  can  be  shown  that 
cream  can  be  kept  forty-eight,  sixty,  or  even  seventy-two  hours,  and 
delivered  in  good  shape  every  second  or  third  day  without  any  expense 
other  than  a  few  minutes  of  attention  each  day  and  one  original 
investment,  the  farmer  would  not  be  justified  in  making  six  trips  per 
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ww'k  whorp  tliH'o  would  do  the  wovk,  thus  douhliiifr  the  cost  of 
delivt'iy.  It  is  worth  the  faniier'«  time  to  study  this  question  and 
seeui-e  the  prop^T  e(]uipmeDt  for  handling  the  ci'eam  on  the  farm. 
Under  the  oi-dinary  practice  now  in  vogue,  with  imperfect  fa<-ilities 
at  hand,  the  cream  in  not  delivered  sweet  in  90  per  cent  of  the  cases 
when  it  ia  more  than  twentj'-four  hours  old.  Thi.s  is  not  because  it 
can  not  be  done,  but,  as  pointed  out  in  the  preceding  paragraphs, 
)>ecHUse  proper  care  is  not  taken  Ijefore  the  time  of  deli\'ery.  Let 
the  instructions  of  the  preceding  paragmphH  be  followed,  snd  then  the 
cream  can  be  delivered  thn-e.  times  per  week  in  sweet  condition." 

IV,     RE.SULT8   OF  INVE8TI(iATION»   MADE   AT  COLBY,    KANS. 

Si'voral  weeks  wci-c  six-nt  at  Oolhy,  Kans.,  studying  the  question  of 
([uality  and  whiit  could  be  done  to  improve  it  on  the  part  of  tlte  farmer 
and  the  creamery  management.  Colby  is  situated  in  northwest  Kan- 
sa.x,  and  is  in  a  very  good  dairy  community.  By  this  is  meant  that 
the  famier-j  are  all  more  or  le^-^s  interested  in  the  business  and  are 
milking.  The  first  farm  separator  in  this  region  was  bought  not  over 
a  year  previous  to  the  date  of  investigation,  and  the  last  milk  wa.s 
taken  in  during  the  month  of  the  investigation,  the  station  then  becom- 
ing a  creani-rc<;eiving  point.  The  equipment,  which  was  similar  to  that 
of  all  western  milk-separating  stations,  consisted  of  a  12-horsepower 
upright  boiler,  an  8-horscpower  horizontal  engine,  a  power  (belt)  sep- 
arator, and  pumps,  vats,  and  testing  apparatus.  In  changing  from  a 
milk  station  to  a  cream  station  the  separator  was  stored  away  and  an 
outfit  was  put  in  for  ]>asteurizing  the  cream.  The  milk  tanks  were 
used  fur  cooling  tanks  to  hold  the  croain  cans  until  time  for  shipment. 
The  engine  had  to  be  run  to  pump  water  and  operate  the  pasteurizer. 
In  common  with  mast  western  stations,  this  one  was  too  small  to  do 
the  work  properly.  There  was  not  sufficient  tank  room  for  keeping 
the  cream  cool  nor  for  storing  cans.  The  place  was  like  a  great 
majority  of  stations  in  being  dirty  and  ill-kept. 

"The  propdwition  here  made  am)  rvoiimniendeil  for  carrying  cream  from  the  farm 
tt)  the  shipping  (<tatiim  ontv  unce  in  two  or  three  ilayB  may  do  for  the  ptH'ulinr  con- 
ilitionR  exifltiiift  in  tlie  ret;iuii  H)iecially  under  itmeulcnition—the  formative  stage  of 
dturyiiig  recently  introduct^l  in  a  new  country.  Hut  it  will  not  do  to  let  this  stand 
an  {>erni>(nent  advice.  For  be^t  resulbt  there  ie  no  doubt  that  cream  should  be  sent 
from  the  farm  tu  thechiin)  with  the  Lea.st  poiwible  delay.  Daily  delivery  and  ehip- 
iiient  of  cream  hIiouM  !«  the  aim.  How  thiH  ia  to  Ijeaccompliwhed,  especially  where 
(juantities  are  )<mall  and  on  giallered  farms,  and  is  a  question  which  must  be  worked 
out  by  local  comlltions.  It  may  \te  done  by  cooperative  effort  among  farmers,  by  a 
carrier  jiaid  by  them,  by  a  gatherer  employed  by  the  creamery,  or  in  some  other  way. 
Tlie  matter  should  not  l)e  concidereil  ap  settleit  right,  however,  by  the  owner  of  the 
cowfl  or  the  buyer  of  the  cream  until  (leliverieH  of  cream  at  the  creamery  or  the  ship- 
ping station  are  ag  frei|uent  aud  as  regular  throughout  the  year  as  were  the  fonner 
deliveriee  of  milk.— H.  R.  A. 
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Thi!i  description  is  given  in  order  to  show  the  kind  of  material  often 
found,  and  this  station  was  selected  for  investi^tion  because  of  its 
large  patronagr,  its  location  in  the  dairy  region  of  the  WoHt,  and 
because  it  was  nearly  300  miles  from  the  creamery  plant  to  which  the 
cream  was«ent  and  where  it  was  churned. 

During  the  time  of  the  work  at  this  station  the  famiei-s  were  in  the 
midst  of  one  of  the  greatest  wheat  harvests  ever  known  in  west^^rn 
Kansas  or  Nebraska;  the  weather  was  the  hottest  of  the  summer,  and 
altogether  the  conditions  for  getting  a  good  quality  of  cream  were  att 
unfavoraijie  a»  they  could  be.  The  first  work  attempted  after  clean- 
ing up  the  station  was  to  ascertain  the  condition  of  the  farmers'  cream 
when  delivered  at  the  station.  An  acid  test  was  made  of  every  can  of 
cream  received  for  two  weeks,  and  notes  on  its  general  ([uality  were 
taken.  It  was  found  that  the  acid  test  was  the  Iwst  indication  of  ila 
general  quality.  Cream  that  was  delivered  sweet  wa.s  in  nearly  every 
case  of  line  flavor,  while  that  delivered  sour  was  often  of  very  poor 
flavor.  There  were  occasional  exceptions  to  this  rule,  hut  the  two  ran 
much  more  closely  together  than  was  anticipated  at  the  start.  The 
following  table  gives  much  that  is  of  interest  to  the  dairyman  and  to 
the  creamery  man.  The  patron's  numlrer  is  given  in  the  tirst  column. 
The  figures  appearing  under  the  date  numt>ers  are  the  I'eadings  as 
taken  from  IVlann's  acid  test,  each  number  representing  the  number 
of  cubic  centimeters  of  tenth  normal  alkali  necessaiy  to  neutralize  the 
acid  in  50  cubic  centimeters  of  cream.  The  arrangement  of  the  table 
shows  the  number  of  deliveries  made  in  two  weeks  and  the  numlwr 
of  cans  in  each  delivery.  One  numlwr  indicates  that  one  can  was 
delivered  by  a  patron  on  that  date,  two  numbers  indicate  the  delivery 
of  two  cans  by  the  same  patron,  and  three  numbers  three  cans.  This 
station  was  open  for  receiving  cream  every  day  except  Sunday.  This 
part  of  the  work  was  l>egun  on  Monday,  July  20, 1903,  and  was  closed 
Saturday,  August  1. 
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Tablb  I. — Dala  rrlating  In  rUlivenrt  of  cream  and  regulif  of  tain  at  Colby,  Kan*.,  Jiiig 
£0  (o  ilujTurt  /,  JSW— Continued. 


Kesulta  nt  uddlly  t«U  niBdo  of  oream  delivered  on- 

P«tiDD'i  number. 

July 

'S" 

July 

J^iy 

'J," 

J^y 

July 

%^ 

July 

ao. 

i<^\l 

Aug. 

48 

29.8 

15,2 

30.0 

10.7 

"u:^ 

"1  It 

20.8 

27.7 

«.0 

12.5 

23.S 

;-; 

28.2 

27.0 
30.1 
15.2 

12.7 

22.2 

uas 

m. 

M.6 

12.8 

B.8 

0.7 

IB.  a 

1^8 

83.8 

2.9 

27.5 

26. 1 

25.2 

20.0 

25.4 

21.3 

10.4 

(!«.« 

«.l 
25.0 

8.3 

21.8 

».5 

25.  S 

10.3 

.7.6 

18.6 

12.4 

67 

B  7 

36.2 

12.6 

80.7 
23.9 
16.  S 

u 

;;-; 

20.2 

29.7 
24.2 

24.9 

38.8 
8.2 

8.5 

21.8 

7.8 

24.0 

17.1 

22.7 
25.8 

IS.  5 

23.6 

20.  C 
21.3 

20.6 

17.9 
4.5 
10.6 

14.5 

11.4 

17.9 

21.  S 

22.7 

2».8 

27.S 

28  6 

80.6 

A  study  of  the  above  table  with  a  view  to  getting  averages  shows 
some  interesting  things.  For  convenience  of  discussion  the  milkings 
before  delivery  will  be  numbered  as  follows:  The  milking  of  the 
morning  on  which  delivery  is  made  will  be  No.  1;  the  milking  of  the 
evening  just  previous  to  this  will  be  No.  2;  the  milking  of  the  morn- 
ing before  the  day  of  delivery  will  be  No.  3;  that  of  the  evening 
before  this,  No.  4,  etc. 

Taking  the  results  of  all  tests  known  to  represent  milkings  No.  1  or 
Nos.  1  and  2  mixed,  the  average  degree  of  acidity  is  9.3  for  226  such 
lots.  Taking  the  cans  that  might  contain  Nos.  1,  2,  3,  aod  4,  or  Nos. 
2,  3.  and  4,  or  Nos.  3  and  4  the  average  degree  of  acidity  is  22.1  for 
26**  "uch  lots.  Taking  the  cans  supposed  to  contain  milkings  Nos.  3, 
i,  0,  and  6,  or  Nos.  4,  5,  and  6,  or  Nos.  5  and  6  the  average  degree  of 
acidity  is  2!>.5  for  25  such  lots.  Of  the  class  first  mentioned  33  out  of 
226  cans  contained  enough  acid  to  justify  classing  them  as  sour  cream — 
that  is,  14  or  above.  In  the  second  class,  33  out  of  260  cans  contained 
less  than  14  of  acid  and  would  have  been  classed  as  sweet  cream.     In 
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tlio  third  clasn  all  were  sour.     Putting  these  facU  in  the  form  of  a 
table,  the  following  i^  the  rej^ult: 


Tablb  U.—Shoiring  number  of  ta-cfl  and  lour  ca 

M<Mtc«mf. 

C1-. 

Namber 

sour.    ;  Sw«L  ;  ^^^ 

, 

T,„U. 

^, ^ 

There  was  a  great  variation  in  the  size  of  the  cans  used.  One- 
gallon  pailn,  S-gallon  (mils,  5-gallon  cau.-^,  S-gallon  cans,  and  lU-gallon 
cans  were  used  in  the  delivery.  The  total  quantity  of  cream  ret-eived 
per  week  wa.'i  l)etween  1,1'M>  and  1,21M)  gallons.  Of  the  total  receive<l 
in  the  two  weeks,  from  30  to  50  per  cent  each  day  was  sweet.  Thb 
varied  conniderably  with  the  days,  Mondays  showing  the  most  sour 
cream  and  Saturday.s  the  most  sweet  cream.  Taking  the  total  for  each 
week's  receipts,  the  sweet  cream  averaged  alH>ut  33^  per  cent,  A  study 
of  Table  I  will  abow  that  the  cream  of  the  la-it  week  was  not  so  sour  as 
that  of  the  first,  and  that  the  last  two  or  three  dajs  showed  the  best 
results  of  all.  It  is  interesting  to  note  the  temperature  of  these  days 
and  its  evident  effect  on  cream.  Table  HI  shows  the  maximum  and 
minimum  temiwratures  for  each  day  covered  by  Table  I,  the  average 
for  the  month  of  -luly,  and  the  average  dfirJng  July  for  the  ten  years 
previou-s.  This  data  is  taken  from  the  records  at  Colby  made  for  the 
United  States  Deimrtment  of  Agriculture.  The  average  acidity  of 
the  day's  receipts  of  cream  is  also  given. 


Tablb  Ul.-Shoinng  maximum 

CT^n,. 

t™„»»„. 

4S' 

""""" 

MinEmnni. 

,00 

«6 

ee 

93 

W 

90.4 
90.  B 

M 

U 

B9.7 
W.I 

2J3 

15  6 

Jul  1- at 

H 

It  must  be  understood  in  studying  these  figurci  that  they  ai-e  only 
approximations  of  the  average  acidity.    The  figures  in  Table  I  show 
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the  exa«t  acidity  of  each  can  delivered,  but  the  weight  of  cre&iii  is  not 
recorded.  The  results,  so  far  as  acidity  is  eoiu^rned,  are  therefore  aver- 
ages of  Table  I  and  can  not  be  taken  to  mean  more  than  that.  They 
do,  however,  in  a  general  way  give  the  truth  of  the  matter  and  show 
the  tendency  as  influenced  by  the  various  fa.ctors  given.  For  instance, 
in  Table  III  the  maximum  temperature  on  the  20th  was  lOC^  and  the 
degree  of  acidity  21.3;  on  the  27th  the  maximum  was  95°  and  the 
acidity  18.7;  on  the  21st  it  reached  96"  but  the  acidity  was  only  13.5, 
and  on  the  28th  the  highest  temperature  was  98°  and  the  acidity  14.1. 
This  showa  simply  that  the  factor  of  temperature  has  considei-able 
influence  on  the  acidity  of  the  cream. 

Another  thing  must  be  taken  into  account  in  the  study  of  thase  fig- 
ures: Not  one  in  ten  farmci-s  had  any  good  way  to  keep  his  cream 
sweet,  and  the  weather  showed  its  influence  more  than  it  would  have 
done  had  every  farmer  owned  a  good  tank  and  a  mill  pumping  cold 
water  ii)>out  the  cans  all  tlie  time.  The  average  temperature.-^  for  the 
first  week  in  the  above  table  are  above  the  average  for  the  Julys  of 
the  ten  previous  years,  while  for  the  last  week  they  are  below  this 
average.  Nearly  an  inch  of  rain  fell  on  the  30th  of  Juiy,  which 
accounted  for  the  cool  weather  of  that  day  and  the  day  following. 
The  cream  received  on  these  days  was  in  excellent  condition,  over  60 
per  cent  of  it  being  perfectly  .sweet. 

A  further  study  of  Table  I  will  show  that  a  few  patrons  delivered 
sweet  cream  when  coming  every  other  day.  These  few  were  those 
who  had  a  place  fixed  for  holding  their  cream  so  that  they  could  cool 
it  quickly  and  hold  it  cool  until  delivered.  The  average  well-water 
temperature  of  the  vicinity  of  Colby  is  about  tiO"',  and  cream  held 
at  this  temperature  was  delivered  sweet  48  hours  old.  What  these 
few  did  every  man  could  have  done,  for  all  had  the  same  sunshine  and 
shade,  the  same  winds  and  water — in  fact,  the  same  natural  conditions--- 
whieh  are  remarkably  uniform  in  this  western  country. 

Table  1  shows  also  the  irregular  methods  which  are  followed  in  the 
delivery  of  cream,  many  seeming  to  have  no  regular  time,  while  afew 
are  as  regular  aS  the  days  of  the  week.  This  condition  exists  all  over 
the  territory  under  discussion,  the  delivery  of  cream  l>eing  made  a 
matter  of  convenience  to  the  farmer  rather  than  a  necessity  on  account 
of  the  cream. 

V.    THE   CREAMERY    SIDE   OP  THE   SUBJECT. 


Thus  far  the  discussion  of  this  question  of  quality  has  been  from 
the  farmer's  standpoint.  The  recommendations  given  in  the  first  pjirt 
of  this  bulletin  for  the  handling  and  care  of  cream  result  from  the 
experience  gained  at  the  Colby  station  while  conducting  the  investi- 
gations there,  from  exi)erience  in  other  pai-ts  of  Kansas  and  Nebi-aska, 
and  from  observation  and  consultation  with  men   in  the  field  who 
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are  well  inforniftd  on  its  conditions.  ,  The  conditions  ftt  Colby  are 
much  the  same  as  elsewhere.  The  farmer  needs  facilities  for  doin^ 
his  work  and  needs  the  incentive  to  do  it  right.  All  of  the  cream  at 
this  point  brought  the  farmer  the  same  price,  bo  matter  what  its  con- 
dition. The  patron  who  would  take  pains  to  furnish  j;ood  cream 
saw  it  dumped  into  the  same  receptacle  with  other  cream  that  he 
knew  was  inferior  in  quality.  Under  this  condition — and  it  was  the 
universal  condition  at  least  up  to  January  1,  1904 — there  was  but 
little  use  for  the  ci-eamery  companies  to  talk  about  quality  to  the 
farmer.  The  object  lesson  of  the  stations  and  the  Hyst«m  of  buying 
cream  was  all  against  quality,  nnd  3'et  the  creamery  man  who  did  not 
lay  all  of  his  troubles  on  the  farmer  was  the  exception.  The  cream- 
ery companies  were  doing,  in  a  way,  what  they  could  to  get  good 
cream,  and  they  spent  more  time  on  the  faimer  than  they  did  on  that 
part  of  the  business  that  was  in  their  own  hands.  The  ci-eamery  men 
are  not  to  be  blamed  too  much,  perhaps,  for  this  condition,  but  to  a 
certain  extent  they  are  at  fault. 

As  was  pointed  out  in  the  first  part  of  this  work,  the  creamery 
men  fought  the  introduction  of  the  farm  separator  until  they  had  to 
give  in.  They  put  in  time  arguing  that  the  separator  on  the  farm 
would  be  a  bad  thing,  instead  of  going  to  the  heart  of  the  question 
and  making  a  study  of  the  new  conditions  brought  al>out  by  the 
farm  machine.  When  the  quality  of  butter  "went  off,"  as  it  did,  a 
soit  of  "I  told  you  so"  feeling  wa.s  expressed  by  the  ci'camery  men 
to  the  dairy  editor  and  even  to  the  dairy-school  worker.  All  were 
busy  telling  the  bad  things  the  separator  would  do,  but  none  could 
offer  anything,  or  seemingly  tried  to  offer  anything,  that  would  help 
the  bad  t^ndition,  except  to  pitch  into  the  fanner,  tirst,  because  he 
bought  a  machine,  and  then  l>ecnuse  he  furnished  ci-eam  that  was 
making  t)ad  butter.  This  was,  perhaps,  natural;  it  was  easy,  at  any 
rate,  because  the  farmer  bought  the  machine  under  protest.  When 
the  creamery  men  first  turned  their  attention  to  the  matter  and  found 
that  they  had  to  sell  machines  or  quit  the  business,  they  did  what 
could  not  be  helped  under  existing  conditions — they  put  scores  of 
agents  into  the  field,  and  the  order  was  "sell  machines."  The  result 
was,  to  put  it  in  the  language  of  the  superintendent  of  one  of  the 
large  creameries,  that  "in  the  transition  from  the  whole  milk  to  the 
hand  separator  business,  in  spite  of  the  fact  that  we  urged  the  delivery 
of  cream  at  the  station  with  sufticient  frequency  to  insure  good  cream, 
the  business,  in  a  sense,  has  gotten  away  from  us."  As  before  stated, 
neither  the  farmer  nor  the  creamerj'  man  was  ready  foi'  the  change; 
neither  undei-stood  the  conditions  that  would  arise  under  the  change; 
and  so  far  the  farmer  has  received  most  of  the  bhimc.  Let  him  take 
home  all  that  is  due  him,  but  let  the  creamery  operator  learn  that  the 
poor  butter  has  resulted  as  much  from  his  lack  of  facilities  and  knowl- 
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edge  of  how  l>est  to  handle  the  cream  when  it  cume  into  his  care  an 
from  the  farmer's  shortconiinga. 

The  past  few  months  have  shown  some  great  advancement  on  the 
part  of  the  creameries  in  this  respect.  The  whole  subject  is  studied  a» 
never  before.  New  ideas  are  put  into  practice  iind  new  met  hod;;  are 
used  in  the  factories.  Much  of  this  is  in  the  exj>erimental  stage  as  yet 
and  nee<l9  time  to  develop  its  worth.  Fi-om  some  quarters  have  come 
remarks  deprecating  any  effort  on  the  part  of  the  creamery  to  improve 
the  quality  of  the  cream  after  it  has  once  deteriorated  in  value. 
Theoretically  this  may  be  all  right;  the  cream  ought  not  to  need 
improving,  but  the  creamery  that  tries  to  improve  the  quality  will  find 
its  own  shortcomings  more  quickly  and  will  learn  that  the  farmer 
should  not  bear  all  the  blame.  Let  the  effort  to  improve  all  along  the 
line  go  on;  there  is  surely  great  need  for  it. 


Too  much  stress  can  not  be  laid  upon  cleanliness,  which  ha*(  already 
been  mentioned  several  times.  A  dirty  station  or  factory  is  no  more 
excusable  than  a  dirty  farm  sepai-ator.  One  is  just  as  responsible  for  the 
poor  quality  of  product  as  the  other.  Indeed,  unclennliness  at  a  re^ieiv- 
ing station  has  a  wider  influence  for  evil  than  on  a  single  farm;  »  dirty 
station  may  undo  the  work  of  a  number  of  clean  farms.  Station  men,  as 
a  class,  are  paid  about  as  well  as  school-teachers,  railroad  station  agents, ' 
or  telegraph  operators.  The  prevailing  practice  is  to  pay  them  acom- 
mi.xsion  for  what  business  they  handle.  This,  no  doubt,  makes  them 
hustle  for  more  business,  but  some  evil  effects  go  along  with  it.  In 
the  first  place,  these  men  are  not  trained  in  the  ci-eamcry  business. 
They  do  not  know  the  value  of  cleanly  methods  and  premises.  This 
point  has  not  been  urged  strongly  enough  on  tliem  by  those  superin- 
tending their  work.  They  do  not  feel  the  necessity  of  spending 
enough  time  to  keep  things  clean,  but  feel  rather  that  when  they  have 
secured  bu.siness  their  responsibility  ceases.  This  is  a  matter  that 
needs  the  careful  attention  of  creamer}'  mani^ers  all  over  the  territory 
under  discussion. 


In  the  handling  of  the  cream  between  the  farmer  and  the  creamery 
there  are  four  general  methods  in  use:  (1)  By  a  ci-cam-pasteurizing 
station;  (2)  by  a  cream  station  without  pasteurizing;  (3)  by  handling 
ci"eam  through  a  store;  (4)  by  direct  shipment. 

During  the  year  1903  there  were  but  two  companies  west  of  the 
Missouri  River  handling  their  business  by  the  first  of  these  methods. 
It  was  fortunatelj'  one  of  these  that  received  the  cream  fram  Colbj', 
Kans.,  and  this  afforded  an  opportunity  for  the  investigations  carried 
on  at  that  point  to  include  considerable  work  along  the  line  of  pasteur- 
izing sweet  and  sour  cream  for  shipment  and  noting  the  result  on 
quality.     Much  information  was   gathered,  but  owing  to  the  many 


30  BtlREAtI    OF   ANIMAL   INDUflTRY. 

tliiiif^  to  be  taken  into  consideration  not  many  conclusion!*  could  I>e 
drawn  from  this  work. 


All  that  has  been  said  about  cleanlinessand  care  in  the  work  of  the 
pa^jteui'iztii}^  station  applies  to  the  simple  receiving  station.  The 
receiving  station  must  have  sonic  method  for  making  steam  or  lioiling 
water,  bc'cause  steam  or  boiling  water  is  absolutely  essential  for  keep- 
ing things  clean.  Scores  of  such  stations  visited  had  nothing  better 
for  this  purpose  than  a  small  gasoline  stove.  One  company  recently 
equipped  a  large  niunber  of  this  kind  of  stations  with  small  feed-cooker 
boilers,  which  ought  to  answer  the  purpose  very  well.  In  managing 
this  kind  of  a  station,  the  cream  should  he  graded,  the  iKMt  l>eing  put 
into  cans  by  ibscif,  and  the  poorer  gi-ades  each  by  itself.  It  will  all 
have  about  the  same  acidity  when  it  arrives  at  the  factory,  but  often 
cream  that  is  sour  when  delivered  at  the  station  has  already  developed 
some  other  things  besides  a<!idity  which  arc  worse  for  the  general 
quality  of  the  butter  than  the  fact  that  the  cream  is  sour.  Owing  to 
this  fact  the  cream  should  bo  just  as  carefully  graded  as  in  the  pasteur- 
izing station.  The  effect  of  shipment  on  unpasteurized  cream  in  the 
development  of  acidity  and  on  its  scoi'e  will  l)e  shown  further  on  (pages 
37  and  38). 

At  present  this  is  the  abomination  of  the  creamery  business.  Under 
the  present  .system  it  has  nothing  t6  commend  it,  but  everything  to  con- 
denm  it.  The  storekeeper  has  neither  the  time  nor  the  inclination  to 
give  the  business  the  attention  required.  If  he  goes  into  it  at  all,  it 
is  to  get  trade;  therefore  he  dare  not  refuse  bad  cream.  He  dare  not 
offend  a  ]>atron  in  any  way.  He  is  at  the  entire  mercy  of  the  patron, 
just  as  he  has  been  for  years  in  buying  country  butter.  He  has  to 
take  what  is  offered,  l>e  it  good  or  bad,  or  lose  a  customer.  If  he  uses 
the  cream  business  as  a  means  of  advertising,  he  is  apt  to  run  the  price 
of  butter  fut  up  to  a  fictitious  value,  thiis  creating  a  fal.sc  impression 
of  the  business.  He  is  rarely  equipped  with  facilities  of  any  kind  for 
doing  the  business  properly.  In  fact,  he  is  a  pirate,  destroying  other 
men's  business  for  the  sake  of  getting  a  little  advertising  for  himself, 
and  tinaliy,  becoming  disgusted  with  the  whole  thing,  he  drops  it, 
leaving  the  territory  in  which  his  injudicious  operations  were  per- 
formed in  a  chaotic  state,  and  causing  some  legitimate  creamery  men 
much  expense  in  again  putting  the  business  on  a  sure  and  solid  footing. 
If  cream  were  not  of  so  perishable  a  nature  and  the  storekeeper  could 
handle  it  as  he  does  potatoes  or  apples,  it  might  be  a  different  matter. 

The  result  of  the  store  operation  will  l>e  to  destroy  itself.  Markets 
can  not  be  found  long  that  will  pay  a  price  fi>r  the  inferior  goods 
offered.  With  the  market  gone  and  the  competitor  next  to  him  in  the 
shape  of  a  creamery  man  paying  good  prices  for  good  cream,  the  life 
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of  a  storekeeper  in  the  business  will  he.  of  few  dnys  and  full  of  Hor- 
row.  There  is  a  possibility  of  a  merchant  handling  thi!  <'rpaiii  an  effi- 
ciently as  a  s|)ceial  agent  of  the  creamery,  hut  the  chan<'('.s  aiv  90  in  1()0 
against  hia  doing  so.  An  extended  observation  of  several  months  has 
revealed  very  few  such.  In  many  instances  the  storekeeper  was  get- 
ting all  of  the  poor  creiini.  and  was  having  a  hard  time  to  satisfy  the 
parties  to  whom  Jie  sold.  The  storekeeper  will  pass  as  a  transitory 
figure  in  the  great  change  from  whole  milk  to  farm  cream  separators. 


So  far  as  quality  is  concerned,  the  direct  shipper  never  has  an  equal 
chance  with  hia  neighbor  who  delivers  to  a  near-by  station.  The 
direct  shipper  must  hold  his  cream  until  he  hajs  a  full  can — 5,  8,  or  10 
gallons — or  else  the  expense  of  shipping  is  greater  and  his  protits  are 
reduced.  The  man  who  milks  a  large  number  of  cows  and  can  ship  a 
can  every  day,  or  every  two  days  at  most,  can  furnish  his  creamery 
with  as  good  cream  as  anyone,  but  there  an-  few  of  this  kind  of  ship- 
pers in  the  \Vest. 

The  creamery  run  on  this  plan  seldom  adds  anything  materially  to 
the  development  of  the  dairy  business,  unless  it  be  in  new  territory. 
It  can  dip  in  here  and  there  and  get  quite  a  patronage  from  disgruntled 
individuals  who  are  dissatistied  with  their  home  creamery  and  will  go 
an^'where  for  a  change.  It  is  not  meant  to  sjieAk  disparagingly  of 
anyone  in  the  direct  shipping  business,  but  the.se  statements  are  made 
because  observations  over  two  great  dairy  States  show  it  to  t)e  a  fact 
that  the  greater  part  of  the  jMitronagc  of  this  kind  of  fai'torv  is  of 
this  class.  The  quality  of  such  cream  during  the  hot  weather — and 
this  is  about  seven  months  of  the  year — is  bound  to  Ih>  inferior  to  that 
handled  through  stations.  The  author  can  suggest  no  reme<ly  for  this 
unless  it  be  to  ship  oftener,  which  is  s  financial  im]K)s.sibility  in  the 
working  of  the  system.  During  the  winter  months  the  direct  shipper 
is  on  a  more  nearly  equal  footing.  There  is  a  time  in  the  develop- 
ment of  new  territory  when  the  business  can  he  conducted  by  direct 
shipping  methods.  This  is  when  the  patronage  is  too  small  to  ju'stifj' 
the  operati(»n  of  a  cteam-receiving  station.  In  such  instances  —and 
there  are  a  good  many  where  the  dairy  business  is  extending  in  new 
territory — there  is  nothing  to  Iw  said  against  the  system  so  long  as  it 
remains  in  that  sti4jo  of  development.  This  docs  not  imply  that  good 
cream  can  be  so  secured,  but  it  means  giving  a  market  to  those  who 
would  not  in  any  other  way  have  one.  As  soon  as  such  territory  is 
sufficiently  developed  the  station  system  will  give  the  best  results  to 
both  farmer  and  creamery. 

TRANH«JRTATIOS   Of  TREAM. 

In  the  present  stage  of  the  business  the  only  refrigerator-car  .'<ervice 
furnished  by  the  railroads  is  to  the  companies  opemting  a  sufficiently 
large  number  of  stations  along  a  line  to  make  up  a  car  of  cream  before 
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it  reaches  the  factory.  Without  doiiht,  as  the  business  develops  and 
dairying  becomes  more  and  more  of  a  regular  occupation,  it  will 
bei-ome  liu^umbent  upon  the  railroads  to  run  refrigerator  expres-s  cars 
for  the  general  dairy  interests  along  their  lines.  No  comparison  can  be 
made  between  the  refrigerator  service  and  shipping  without  refrigera- 
tion that  is  at  all  favorable  to  the  latter.  If  cream  is  subjected  bo  such 
heating  as  it  gets  in  the  ordinary  express  or  ba^^age  car,  or  in  a  box 
car,  it  responds  by  fermenting  very  rapidly,  and  the  loss  in  quality  is 
exceedingly  great.  Many  of  the  so-called  refrigerator  oars  in  the 
service  are  but  makeshifts.  The  dooi^s  open  at  every  station  to  load 
from  20  to  100  cans  of  cream,  and  the  car  is  rapidly  warmed.  There 
ought  to  be  a  center  vestibule  made  so  that  it  could  be  closed  to  the 
outside  air  when  the  refrigerator  compartment  was  opened  to  admit 
the  cream.  Bett«r  service  along  this  line,  and  much  better  facilities 
for  cooling  and  keeping  the  cream  cool  at  the  stations,  would  do  much 
toward  securing  a  good  quality  of  cream. 


EXPEBIMENTS   I 


SHIPPING   CREAU. 


The  following  tables  give  the  data  of  the  experimental  work  in 
shipping  cream  from  the  Colby  station  to  Topcka,  Kans.  The  cream 
was  received  and  graded  at  the  station,  part  of  it  being  pasteurized 
and  part  shipped  i-aw.  The  tables  will  explain  themselves  so  fares 
the  data  collected  is  concerned.  The  author  did  the  work  at  the  station 
and  was  assisted  by  Mr.  0.  E.  Gray  at  the  factory  in  Topeka. 


All  of  the  cans  numbered  from  1  to  115,  inclusive,  were  shipped 
during  the  last  few  days  in  July.  The  results  were  very  unsatisfactory, 
but  the  data  arc  given  for  these  shipments  Iwcausc  there  are  a  few 
facts  brought  out  that  had  considerable  bearing  on  the  later  work. 

n  Colby  Ui  Topeka,  A'oni.,  Jidy  iO  to 


SHIPMENTS  OF  PASTEURIZED  CREAM, 
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Table  IV.— Duto  relating  lo  nhipmaUt  oj  cream  from  Colht/  (t 
^'9,  Jfltt*— Continued.    • 
SHIPMENTS  OF  PASTEURIZED  CRKAM— Coi 
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Tahlb  IV. — Data  relatinij  lo  idiipmetiU  iif  rrmm  from  I'olby  to  Topeka,  Kan*.,  Jtiiif  iO  U 

r.i,  /.'<ai— Tontinued. 

KHiPiiexTs  (IF  PAsrei'Btzet)  CREAU—OMiKiiiwd. 


'  station      FKIocy  I 


RutiiHi      nictorr      Butter      SUIiaa    f^rtocr 


~,  acldltf,     addltf. 


gnde.       Bimde. 


HHIPSIENTS  (IF  UAW  CREAM. 
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The  following  explanations  will  be  necessary  for  a  clear  understanding 
of  the  preceding  table.  The  cans  were  numbered  from  1  consecutively 
throughout  the  entire  investigation,  these  numbers  appearing  in  the 
first  column.  The  date  on  which  the  creaift  was  received  at  the  station 
appeai-8  in  the  second  column.  The  column  headed  "Time  on  road" 
indicates  the  number  of  hours  between  the  receipt  of  the  cream  at  the 
station  and  its  arrival  at  the  factory.  The  temperature  wa.s  taken  and 
the  acid  test  was  made  at  the  station  as  the  cream  came  from  the  pas- 
teurizer, or,  in  the  case  of  raw  cream,  as  it  was  poured  into  the  cans 
for  shipment.  The  temperature  was  again  taken  and  the  acidity  test- 
was  repeated  on  arrival  at  the  factory.  The  cream  was  graded  at  the 
station  and  at  the  factory  on  the  following  basis: 

Grade  1  represented  cream  that  would  score  itS  points  on  a  scale  of 
100  for  perfection,  or,  in  other  words,  cream  that  would  be  expected 
to  make  butter  that  would  score  !»6;  grade  2  represented  cream  that 
would  score  92;  grade  3,  that  which  would  score  88;  and  grade  4,  that 
which  would  score  84.  The  letters  "a,"  "b,"  and  "c"  were  used  for 
the  intervening  grades  between  96,  92,  88,  and  84,  "a"  repi-esenting 
1  point  less,  "  b"  2  points  less,  and  "c"  3  points  less.  Thus  "  la" 
would  mean  95,  "lb"  94,  and  "Ic"  93.  The  grading  was  done  by 
two  different  persons  nearly  three  hundred  miles  apart,  and  it  took 
some  time  to  get  this  part  of  the  work  uniform.  It  is  owing  to  this 
and  to  the  fact  that  much  of  the  cream  was  three  days  on  the  i-oad 
that  no  definite  conclusion  can  be  drawn  from  this  set  of  figures. 

Cans  Nos.  116  to  258,  inclusive,  were  shipped  August  17-31.  Dur- 
ing this  period  the  raili'oad  facilities  were  better  than  at  the  time  of 
the  first  shipments,  and  a  few  things  were  avoided  which  then  caused 
irregular  work.  The  data  given  in  Table  V  ai-e  in  the  same  onler  as 
in  Table  IV.  A  change  in  the  method  of  making  the  acid  test  was 
made.  The  tests  in  Table  IV  were  made  with  a  50-c.  c.  pipette,  while 
those  in  the  following  tables  were  made  by  weighing  18  gmms  of 
ci'eam  into  the  cup.  The  weighing  was  made  necessary  fi-om  the  fact 
that  the  pipette  would  not  give  a  full  measure  when  the  cream  was 
taken  immediately  after  going  through  the  pasteurizer  and  cooler, 
nor  at  the  factory,  where  the  cream  would  in  many  instances  have 
more  or  less  gas  in  it.  Weighing  the  sample  and  calculating  the 
result  to  50  c.  c.  gave  more  uniform  results.  The  grading  in  the 
tables  following  was  also  much  more  uniform  and  satisfactory'. 
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E  V. — Data  rdaling  to  tliipmaiit  of  imtteuriud  i 

Colby  to  Topeka,  Karu.,  MgwS  I7-SS,  190S. 
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Table  VI. — Data  relntittg  to  thiprntnl*  of  padairiied  eream,  Itco  daj/i  on  the  road,  from 
Colbs  to  Topetn,  Kani.,  Aagua  17-SS,  19aS. 


J,^?^    sua™     FadOTT      Buller      SuHon 
mrc        "'='*'r'     wldlly.        tat.      J  greile. 


Tablk  VII. — Data  rtUUing  to  thipmenb'  of  unpatlruriied  cream,  one  day  oh  the  road, 
from  Collis  to  Topeta,  Kant.,  Augwa  17-31,  lOO.t. 
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t  VII. — Dala  rdaling  to  thipnienU  of  vapattturixed  eream,  one  day  on  Ihe  ntad, 
/mm  Colbii  to  Topeta,  Xoni.,  AugaM  17-31,  7dCU— Continued. 
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s  VIII. — Data  relating  tu  tkiprnfiiU  of  unpatteurited  rreara,  tint  dag»  on  the  road, 
from  Volhyti)  Topeka,  Kan*.,  AnguM  17- Ji,  190S. 
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A  few  ^neral  ideas  can  be  derived  from  the  above  tables.  The 
temperature  of  pasteurization  varied  from  170'^  to  180"-  and  the  cream 
was  immediately  coo\ed  to  the  temperatures  named  under  the  heading 
"Station  temperature."    The  Jensen  pasteurizer  and  cooler  was  used. 

A  glance  at  the  tables  will  show  that  the  cream  was  divided  into 
sweet  and  sour,  the  turning  point  being  14.  All  of  the  sweet  cream 
was  pasteurized  and  all  of  the  sour  cream  shipped  raw  until  August 
29,  when  an  accident  befell  the- pasteurizer  and  all  of  the  cream  of  the 
39th  and  31st  was  shipped  raw. 


Table  V  shows  that  cream  testing  an  average  of  10.21  of  acidity 
when  pasteurized  was  found  on  arrival  at  destination  twenty-four 
hours  later  to  have  increased  in  acidity  5.93,  so  as  to  measure  16.14. 
Cream  at  this  acidity  is  slightly  sour.  The  average  score  at  the  sta- 
tion, on  the  ba-sia  of  100  as  perfect,  was  96,97,  while  at  the  faetoi^  it 
was  91.96.  Comparing  this  with  the  cream  that  was  two  days  in 
transit,  as  shown  in  Table  VI,  quite  a  difference  will  be  noted.  This 
cream  started  under  conditions  practicallj-  equal  to  those  of  the  cream 
which  was  one  day  in  transit.  The  degree  of  acidity  at  the  station 
was  12.28,  and  on  arrival  at  the  factory  forty-eight  hour-s  later  it  had 
increa.scd  18.06  or  to  30.88.  The  score  had  fallen  from  95.16  to  88.76. 
The  temperatures  on  arrival  at  the  factory  show  that  thiw  difference 
was  not  due  to  that  factor.  The  shipments  were  all  aiade  in  refriger- 
ated cars  and  the  conditions  were  about  equal  in  this  respect.  The 
difference  between  an  acidity  of  16,14,  after  being  one  day  in  ti-ansit, 
and  an  acidity  of  30.88,  after  being  two  days  in  transit,  is  simply  the 
result  of  time  in  developing  the  acid.  During  the  first  twenty-four 
hours  but  little  develop.s,  but  during  the  next  twenty-four  hours  the 
acid  increases  very  fast. 

The  average  for  the  cream  shipped  on  August  26,  27,  and  28,  given 
under  Table  V,  is  interesting.  An  acidity  of  9.93  at  the  station 
advanced  only  to  10.49  at  the  factory  twenty-four  hours  later,  with 
scores  of  96  at  the  station  and  93,08  at  the  factory.  These  lots  were 
similar  to  those  of  preceding  days,  with  the  exception  that  the  cans 
used  in  shipping  were  washed  out  with  verj'  strong  lye  water  after 
the  regular  washing  was  given  them  and  then  rinsed  with  cold  water 
before  iilling.  The  cans  in  the  previous  lots  were  washed  with  a  com- 
mon washing  compound,  and  the  work  was  not  very  well  done.  It 
will  be  noticed  that  the  cream  was  much  more  uniform  on  arrival  at 
the  factory  than  any  of  that  shipped  on  preceding  days.  This  subject 
of  can  washing  will  be  referred  to  again. 

A  reference  to  Table  IV  shows  the  same  general  results  as  those 
just  mentioned.  The  pasteurized  cream,  whether  sweet  or  sour,  if  not 
over  thirty-four  hours  on  the  road,  arrived  at  the  factory  in  about  the 
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same  condition  as  regards  acidity  as  when  it  left  the  station.  It  wilt 
bIho  be  seen  that  there  is  a  limit  to  the  formation  of  acid.  Cans  Nos. 
1  to  IS  in  Table  IV  show  cream  shipped,  some  sweet  and  some  sour, 
snd  the  acidity  on  arrival,  seventy-two  hours  later,  is  about  the  same 
for  all.  an  axerage  degree  of  acidity  of  about  3-t. 


Table  VII  shows  that  mw  sour  cream,  with  an  acidity  of  21  when 
Hhtpped,  on  arrival  at  destination,  twenty-four  hours  later,  had 
increased  to  33.S,  or  an  increase  of  12.8.  The  average  score  at  the 
station  was  93.96,  while  at  the  factory  it  was  89.9C.  Contrasting  this 
with  cream  that  was  two  days  in  transit,  as  shown  in  Table  VIII,  the 
difference  U  not  found  very  marked,  at  least  not  so  much  so  as  in  the 
case  of  the  pasteurized  cream.  This  cream  started  under  conditions 
practicalty  equal  to  thase  for  cream  one  day  on  the  road,  the  degree  of 
acidity  at  the  station  being  ^6.5,  and  when  it  arrived  at  the  factory, 
forty -eight  hours  later,  it  had  increased  12,  or  to  38.5,  showing  about 
the  same  increase  as  that  which  was  one  day  oh  the  road.  The  average 
score  on  this  cream  was  92.02  at  the  station  and  86.SS  at  the  factory. 
This  cream  was  shipped  in  refrigerator  cars  under-  exactly  the  same 
conditions  a.s  the  pasteurized  cream;  in  fact  it  was  shipped  along  with 
the  latter. 

The  avei-age  of  cream  shipped  on  August  29  and  31  is  here  as  inter- 
esting as  in  the  case  of  pasteurized  cream.  (See  Table  V.)  This  cream 
left  the  station  with  an  average  degree  of  acidity  of  14,  and  arrived 
at  the  factory  twenty-four  hours  later  with  an  acidity  of  31.1,  the 
average  score  falling  from  94.72  to  89.68.  The  same  precautiona  in 
i-egard  to  cans  wei'e  used  in  this  case  as  on  August  26,  27,  and  28,  as 
noted  under  '•  Pasteurized  cream."  For  greater  convenience  in  making 
comparisons,  the  following  table  is  arranged  to  show  the  averages 
from  Tables  IV,  V,  VI,  VII,  and  VIII: 

Table  lX.—Arrraiff»  of  daiii  relaxing  to  frfam  thippfdon  JuiySl,  mtkmmw  Tahlf  IV, 
imd  of  all  data  ihouii  in  lablei  V-VIII  on  cream  »h>p]ied  fn>m  Colby  to  Tr^ka, 


NO.O,»»..I    S,„..,™„. 

Pcrrml. 

HcldHy. 

10.21 
0.83 

lias 

21.  w 
M.CO 
26.  M 

39.30 

R^de. 

FHClory 
g«d.. 

88.88 

«1.M 

03.M 
88.-0 
80.  SO 
S».t8 
R6.88 

g™de. 

K 

«o 
07 
OD 
38 
K 

35.33 

36.10 
84. « 

S4.74 

V PiurtellriiL^ 

2,92 

mzeJ  By  Google 


THE   FABH   8EPABATOS.  41 

Id  Table  IX  are  firat  iDtroduced  for  comparison  arcra^a  of  the 
data  ffom  Table  IV,  relating  to  ci-eani  shipped  on  July  27.  On  that 
date  it  was  so  arranged  that  every  other  can,  as  it  ran  from  the 
receiving  vat,  should  be  pasteurized  and  the  others  sbould  be  shipped 
raw.  This  gave  a  direct  comparison  between  raw  and  pastfiurized 
sour  cream  where  the  cream  was  identical  and  all  conditions  alike 
except  that  of  pasteurization.  Unfortunately  this  is  the  only  compar- 
ison of  this  kind  from  all  the  data  given,  hut  the  example  is  a  good 
one  and  is  interesting.  It  will  be  seen  that  the  eight  cans  that  were 
pasteurized  at  the  station  scored  there  88.53,  as  recorded  in  Table  IV, 
while  the  same  number  of  cans  of  unpasteurized  cream  scored  !>1. 
This  difference  was  due  to  a  peculiarly  bitter  or  astringent  flavor  in  the 
pasteurized  sour  cream  that  caused  it  to  be  scored  down.  This  evi- 
dently did  nut  show  at  the  factor^',  as  no  comment  was  made  there  in 
regard  to  it,  although  it  was  looked  for.  It  is  interesting  to  not«  tliat 
the  uniMsteuriied  sour  cream  was  scored  on  aiTival  at  the  station 
nearly  as  high  as  the  pasteurized  sour  cream. 

PAHTBI  RIZINtl   CBEAM— (iBNKRAL  COKHIDERATIOKS. 

Does  it  paj'  to  pasteurize  sour  cream  at  the  station  ?  A  careful 
study  of  Table  IX  would  indicate  that  it  does  not.  The  question  as  to 
whether  it  would  pay  to  equip  a  station  with  a  complete  pasteurizing 
outiit  for  the  purpose  of  pasteurizing  sweet  cream  alone  is  an  open 
one.  It  will  depend  lai^ely  on  the  amount  of  sweet  cream  the  station 
will  furnish  and  how  well  the  work  can  be  done  at  the  station.  The 
cost  of  pasteurizing  must  be  taken  into  account  and  compared  with  the 
benefits  derived.  If  the  cost  of  equipping  and  maintaining  a  series  of 
stations  with  pasteurizers  is  going  to  be  greater  than  the  sum  derived 
from  the  advance  in  price  of  butter  because  of  pasteurizing,  it  certainly 
will  not  pay.  The  date  given  in  the  tables,  while  verj-  incomplete  in 
many  of  the  things  that  ought  to  be  definitely  known,  may  be  a  guide  to 
some  creamery  company  that  wishes  to  experiment  further  along  these 
lines.     If  so,  it  will  be  the  gi-eatest  service  to  which  they  can  be  put. 

There  are  a  few  things  that  the  man  operatingapasteurizing station 
must  oljseri'e  if  he  wants  success  in  getting  and  keeping  the  quality  of 
his  product.  Pasteurizing  is  performed  for  the  purpose  of  destroying 
the  germ  life  that  the  cream  contains.  This  is  done  by  heat.  The 
heat  is  applied  either  by  steam  directly  from  the  boiler  or  by  exhaust 
steam  from  the  engine,  or  it  may  be  by  the  steam  that  runs  the  pasteur- 
izer, as  in  turbine  machines.  In  the  continuous  pasteurizers  in  use  the 
temperature  of  the  cream  as  it  leaves  the  machine  is  usually  between 
160^  and  IW^.  The  higher  the  temperature  the  more  thorough  the 
work,  for  the  more  complete  is  the  destruction  of  the  germ  life.  Not 
all  germ  life  is  destroyed  by  pasteurizing.     "Sterilizing"  means  the 
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complete  destruction  of  all  the  genn  life,  but  this  is  impracticable  out- 
aide  of  a  laboratory  well  equipped  for  doing  i^uch  vork.  The  aaccess 
of  pa^iteurization  depends  upoD  the  following  things:  (1)  Sufficient 
heat  to  destroy  the  greater  portion  of  the  genn  life;  {-i)  quick  cooling, 
which  al»o  aid»  in  the  destruction  of  germ  life  or  causes  those  germs 
not  destroyed  to  lie  in  a  dormant  condition,  and  (3)  thorough  cleanli- 
n&M  of  everything  that  comes  in  contact  with  the  cream.  The  work 
is  often  rendered  useless  because  the  cream  is  ^ain  inoculated  with 
the  germs  from  a  dirty  can,  a  stirring  rod,  or  a  thermometer  taken 
from  cream  not  pasteurized  and  put  into  the  pasteurized  cream.  Insuf- 
ficient after-cooling  of  cream  will  also  render  pasteurization  useless. 
One  thing  that  must  be  observed,  or  the  work  will  be  a  failure,  is  that 
everything  which  comes  in  contact  with  the  cream  after  it  is  paatonr- 
ized  must  be  clean. 

In  the  experiments  conducted  at  Colby  one  of  the  hardest  things  to 
overcome  wa.s  the  foul  iimell  in  tita  shipping  cans.  All  ordinary  means 
of  washing  Kecmed  to  fail  in  emdicating  these  odors,  and  cream  from 
the  .same  lot  placed  in  different  cans  at  the  xt&tion  would  reach  the 
£Miory  in  various  stages  of  fei-mentation  and  presenting  a  variety  of 
odors.  It  was  not  until  the  cans  were  rendered  practically  sterile  by 
washing  in  strong  concentrated-lye  water  that  the  difficulty  was  over- 
come. For  the  best  results  in  pasteurizing,  the  cream  should  be  deliv- 
ered by  the  farmer  in  a  perfectly  sweet  condition.  The  Western 
creamerieis  have  to  some  extent  adopted  methods  to  help  along  in  this 
line. 

VIl.    CREAM   GRADINn. 

This  is  a  subject  that  is  new  to  the  Western  creamery  man — too  new 
for  any  results  of  actual  practice  to  be  given.  The  author  of  this  bulle- 
tin re<'entiy  recommended  a  system  for  grading  cream  at  the  stations, 
which  has  been  adopted  by  one  creamery  company  and  will  probably 
be  adopted  bj-  many  others  in  its  entirety  or  in  a  jiiodified  form.  The 
question  of  grading  and  buying  on  gratle  has  been  agitated  for  a  long 
time,  but  there  lioenied  to  be  obstacles  in  the  way  that  had  to  be  over- 
come. The  right  or  wrong  of  the  matter  was  never  disputed.  The  lack 
of  machinery  for  putting  it  into  force  and  the  difficulty  of  getting  any 
concerted  action  on  the  part  of  the  creameries  stood  in  the  way.  It 
was  thought  by  many  that  such  a  system  would  mean  a  lowering  of  the 
price  from  1  to  2  cents  a  pound  to  the  farmer  and  that  he  would  look 
at  it  in  that  light  and  resent  the  move.  A  careful  study  of  the  situa- 
tion and  conversation  with  many  farmers  In  different  parts  of  the 
country  showed  that  they,  too,  recognized  the  right  and  the  necessity 
for  a  system  which  would  put  a  premium  on  good  cream  rather  than 
on  bad  cream. 
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The  invei<tigation  of  patrons'  creani  at  Colby,  as  i-ccorded  in  Table 
I,  showed  several  possibilities  not  before  taken  into  accou'nt.  In  the 
firet  place  there  are  a  few  who  can  already  furnish  sweet  cream  fi-ora 
three  to  four  times  per  week.  Then  there  are  a  few  who  citn  deliver 
every  day,  and  a  much  larger  number  who  can  at  least  furnii^h  part  of 
their  cream  ^weet  if  told  how.  Patrons  of  this  class  come  in  three 
or  four  times  a  week,  bringinff  all  their  cream  in  one  can,  all  sour, 
and  only  fit  for  second  grade.  Aa  previously  stated,  it  may  be  impos- 
sible for  these  men  to  come  any  oftener.  The  case  of  a  few  of  them 
furnishes  a  clew  to  a  partial  solution  of  the  difficulty.  It  will  be 
noticed  that  a  few  did  not  mix  all  their  cream  together,  but  brought 
it  in  two  cans— one  sour  and  one  sweet.  There  might  be  four  milk- 
ings  in  one  and  two  in  the  other,  or  two  milkings  in  each  lot.  so  that 
one-third  or  one-half  of  their  delivery  would  be  sweet  cream.  It  was 
also  found  that  men  delivering  their  cream  in  small  cans  uaually  had 
the  best  cream.  Two  gallons  in  a  10-gallon  can  might  be  sour,  while 
the  chances  were  much  greater  of  itw  being  sweet  if  delivered  in  a 
3-ga11on  can.  After  careful  study  it  was  estimated  that  if  all  the 
farmers  would  keep  their  last  two  milkings  separate  and  use  small 
cans,  folly  half  of  the  cream  would  bo  delivered  to  the  creamery 
perfectly  sweet.  TVis  Biiii(>]y  meuis  that  if  tiie  fanaer  wouM  expend 
a  dollar  or  two  for  two  or  three  more  cans  he  could  get  the  best 
prices  for  half  of  his  cream,  and  would  then  have  to  take  from  1 
to  2  cents  less  for  the  other  half.  With  this  1  or  2  cents  difference 
acting  as  an  inducement  to  improve  along  these  lines,  as  su^ested 
in  the  first  part  of  this  bulletin,  he  would  soon  be  bringing  three- 
fourths  of  all  of  his  cream  sweet.  The  coming  year  will,  no  doubt, 
demonstrate  the  advantage  of  this  practice. 

It  is  not  thought  that  this  change  can  be  made  all  at  once,  but  it  will 
have  to  be  a  matter  of  growth  on  the  part  of  those  in  the  business. 
The  thought  of  grading  cream  at  once  called  for  a  dividing  line.  As 
has  been  observed  the  acidity  of  the  cream  has  in  the  greater  number 
of  cases  indicated  itji  value  quite  closely,  -to  closely  in  fact  that  it  was 
thought  feasible  to  do  the  grading  on  the  basis  of  acidity.  It  was 
recommended  to  the  creamery  company  already  mentioned  that  it 
draw  the  dividing  line  at  1.5  by  Mann's  acid  test,  and  that  the  station 
operator  be  supplied  with  an  alkaline  tablet,  the  strength  of  which 
would  just  neutralize  an  acidity  of  5.25  in  17.5  c.  c.  of  cream  measured 
into  a  cup  with  the  pipette.  This  recommendation  has  been  adopted 
by  the  company,  and  on  the  1st  of  January,  1 W-I,  their  .-station  operators 
began  grading  on  that  system.  It  is  thought  that  after  a  little  practice 
the  test  will  not  be  needed  except  in  case  of  dispute  between  the 
operator  and  patron  as  to  the  condition  of  the  cream.  The  company 
makes  a  difference  of  1  cent  per  pound  between  the  two  grades. 
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The  following  directions  are  quoted  from  a  circular  sent  oat  by  the 
company  to  its  station  operatorri  for  making  the  alkaline  test: 

Prtparing  lot  lolaiion. — PIttce  in  a  perfectly  clean  one-bslf  pint  sample  }»r  one  per- 
feet  tablet  ami  with  a  milk  pipette  meuure  into  the  jar  17.6  c.  c.  of  pare  water,  tem- 
peratore  betwtwn  40°  anil  120"  F.  Cloae  the  li<l  on  the  jar  and  allow  the  tablet  to 
completely  disappear  in  the  solution.  When  entirely  dissolved,  with  the  exi«ptioa 
of  a  few  particles  of  inert  material  that  may  l>e  seen,  the  solution  is  ready  for  use. 
Meaxure  nut  in  a  pipette  froDn  the  creatii  to  be  tested  exactly  17.6  c,  c.  and  run  it  into 
thetabletaolution.  Rinse  all  cream  from  the  pipette  by  drawing  the  mixture  already 
in  the  mniple  jar  into  the  pipette  and  allowing  the  mixture  to  again  flow  into  the 
jar.  If,  after  mixing,  the  color  remains  pink,  the  cream  is  sweet  enoDKh  to  gxtde 
Ko.  1,  but  should  the  pink  color  disappear  and  the  mixture  become  the  color  of  the 
cream,  the  cream  sample  is  sour  and  fi7»<le8  So.  2. 

Jliiir  lo  knoir  Ihf  rotor. — Shoulrt  any  tronble  be  experienced  in  determining  whether 
or  nut  any  color  in  present  in  the  test  (thip  will  occur  only  when  the  acidity  of  the 
cream  is  very  near  the  line  between  sweet  and  sour),  it  is  advitsble  to  take  another 
sample  jar,  place  in  it  !7.6  i'.  c.  of  cream,  the  same  as  is  being  tested,  with  17.6  c.  c. 
of  water,  but  no  tablet.  Place  the  two  jara  side  by  side  on  a  piece  of  plain  white 
paper.  Comitare  the  two  by  looking  down  through  the  months  of  the  sample  jars 
toward  the  white  paper  underneath.  By  this  niethoil  any  pink  color  may  be  seen 
if  present  in  the  sample  containing  the  tablet. 

In  no  instance  trj-  to  examine  the  color  of  a  sample  by  looking  through  the  side, 
but  always  through  the  mouth  of  a  jar.  Examine  tests  in  good  bright  light,  bnl  not 
in  direct  sunlight. 

Siimjile  Jan. — The  operalor  should  be  provided  with  as  many  sample  jars  as  daily 
tests  are  re<iuired.  The  jars  should  be  thoroughly  washed  and  rinsed  before  u.''ing, 
8n<l  great  precaution  should  be  taken  to  ktep  them  free  from  acid,  lye,  or  sal  soda. 
The  lids  should  l>e  closeil  while  the  tablet  is  in  the  solution  before  using,  thus  pre- 
venting any  material  from  falling  into  the  jars. 

Wilier. — The  water  for  dii«olving  the  tablets  should  be  ae  pure  as  it  is  possible  to 
obtun.  Endeavor  to  secure  enough  condensed  steam  for  this  water  supply.  IE 
water  from  condensed  steam  can  not  be  liail,  then  u«e  clean  rein  water  or  melted  ice. 

Should  it  be  necessary  to  use  water  from  a  well  or  spring,  the  water  should  in 
every  inftance  lie  boileil.  The  water  supply  for  use  in  this  test  should  be  kept  in  a 
clean,  lightly  corked  bottle  or  sealed  glass  fruit  jar.  Do  not  use  water  from  a  jug 
having  contained  at  any  time  sulphuric  acid  or  vin^ar. 

Pipelle. — The  onlinary  17.6  c.  c.  milk  pipette  is  ui<ed  for  measuring  the  sample  of 
cream  for  the  teat,  also  for  measuring  the  water  in  which  the  tablets  are  dissolved. 
The  pip«tte,  like  the  sample  jar,  should  be  clean  and  free  from  any  acid,  lye,  or  sal 

TiibUfn. — The  tablets  should  be  kept  dry  and  in  a  tjghtly  covered  box,  away  from 
any  excewiive  moisture,  and  out  of  direct  sunlight.  Ut*  for  the  test  only  perfect 
tablets.  Use  no  broken  tablets.  Pay  no  attention  to  the  color  of  the  tablets  other 
than  that  they  give  a  cherry-reil  color  when  dissolveil  in  17.6  c.  c.  of  water. 

■Siiggetlioiit  for  conducting  the  daily  le»l». — On  arriving  at  the  station,  or  as  soon  after 
as  possible  in  the  inoming.  take  an  many  sample  jars  as  tests  will  be  required  during 
the  day,  place  in  each  one  tablet  and  17.6  c.  c.  of  water,  and  cloee  the  cover.  This 
will  require  only  a  short  time  and  the  tabletn  will  be  dii«olving  and  will  be  ready 
for  making  the  tests  when  the  cream  arrives.  Proceed  with  the  tests  according  to 
instructions  already  given.  Should  more  tablets  be  diswilved  than  are  needed, 
throw  away  the  solution;  do  not  attempt  to  keep  it  for  utie  the  next  day. 
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Stimnuirii.— -Far  each  test  dissolve  one  perfect  tablet  in  17.6  c.  c.  of  pure  water. 
Take  a  17.0  c.  i-.  eample  oE  cream  to  be  tesied.  If,  when  the  cream  in  mixed  with  the 
tablet  Holution,  the  pink  color  remains,  the  cream  is  sweet  enough  to  grade  No.  1. 
If  the  color  JiPappear*,  the  creaui  \k  nour  and  ipvdes  No.  2.  Ke^^p  everything  in  con- 
nection with  the  test  free  from  acid,  lye,  or  saliva.     Keep  the  tablets  in  sdry  place. 

The  tablets  used  for  this  teat  are  made  in  the  cheniical  laboratory  of 
the  company  sending  out  the  foregoing  directions.  They  are  not  as 
yet  on  the  market.  If  the  test  proves  a  success  in  the  operations  of 
this  company,  the  various  supply  houses  will  undoubtedly  put  tablets 
on  sale. 

It  is  not  thought  that  this  will  cure  all  of  the  ills  of  the  creamery 
business,  but  it  will  go  a  long  way  toward  establishing  a  grade  or  line 
of  demarcation  between  good  and  bad  cream.  It  is,  perhaps,  only  tiie 
first  step  of  what  should  ultimately  be  lionsidered  the  right  thing  in 
grading  cream.  If  creamery  men  and  patix>ns  alike  will  look  upon 
this  as  a  means  to  an  end — namely,  that  of  improving  the  quality  of 
cresm  from  farm  separators  until  the  greater  part  of  the  cream  deliv- 
ered will  make  high-grade  butter^ — this  scheme  of  grading  and  the 
work  leading  up  to  it  will  not  have  been  in  vain.  The  author  has  no 
fear  of  tiie  ultimate  outcome  of  the  farm-separator  system  if  all  who 
are  concerned  in  it  make  the  best  use  of  the  means  they  have  at  haud 
and  study  to  know  more  about  the  business  and  to  make  a  high  quality 
of  both  cream  and  butter— the  end  to  which  all  efforts  should  be 
bent. 

VIII.    SUMMARY. 

The  keynote  of  this  bulletin  is  the  one  word  quality.  The  intro- 
duction and  opening  discussion  give  a  brief  history  of  dairy  progress 
in  the  West  and  some  of  the  rea.sons  why  the  farm  separator  is  a 
necessity  on  the  Western  farm.  In  the  second  division  the  farm  sep- 
arator, its  care  and  management,  are  discussed.  This  deals  with  the 
factors  influencing  separation,  including  speed  of  machine,  tempera- 
ture of  milk,  quantity  of  milk  flowing  through  the  1k)w1,  the  cream 
screw,  and  the  factors  of  change  in  season,  peiiod  of  lactation,  and 
richness  of  milk.  The  sanitary  condition  of  the  separator  is  specially 
emphft.sized.  It  must  be  kept  absolutely  clean.  To  insure  this  it  must 
be  washed  after  every  separation,  A  good  brush  should  be  used  for 
washing.     Discard  the  dishcloth  and  dish  towel. 

Under  "Management  of  cream  on  the  farm"'  the  first  essential 
mentioned  is  clean  milking.  The  dirt  and  dust  adhering  to  the  cow's 
udder  should  be  wiped  off  with  a  damp  cloth  before  beginning  milk- 
ing. In  separating  the  milk  should  he  poured  directly  into  the  supply 
can  of  the  separator  without  the  intervention  of  any  straintsr  and  while 
it  still  contains  it^  animal  heat.  The  ci^eam  should  be  caught  in  deep 
narix)w  cans  for  cooling.  The  farmer  should  be  provided  with  a  thei- 
mometer  and  some  instrument  for  stirring  the  cream.     Immediately 
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after  separation  the  ci-eam  ^^houM  be  cooled  to  the  tempenture  of  the 
water  direct  from  the  well.  For  holding  the  cream  the  fanner  should 
be  supplied  with  a  tank  and  windmill.  All  water  pumped  should  be 
run  through  this  cooling  tank.  The  tank  should  be  placed  in  a  good 
milk  house.  This  milk  house  should  be  kept  free  from  erervthing 
except  the  milk  and  the  utensils  for  handling  it.  Never  mix  warm 
cream  with  cold,  as  it  is  always  sure  to  cause  quick  souring.  In  deliver- 
ing the  cream  to  the  station  or  creamery  it  should  be  covered  with  a 
wet  blanket  in  summer  to  prevent  heating  and  a  dry  blanket  in  winter 
to  prevent  freezing.  The  frequency  of  delivery  depends  largely  on 
the  distance  from  the  station  and  the  ability  of  the  patron  to  keep  his 
cream  sweet.  Although  it  is  believed  that  with  proper  care  on  the 
farm  the  cream  can  be  delivered  from  thirty-two  to  seventy-two  hours 
old  in  a  sweet  condition,  the  genei-al  rule  should  be  to  deliver  it  just  as 
soon  as  possible  after  thorough  cooling. 

Experiments  carried  on  at  <3olby,  Kans.,  are  next  dealt  with.  The 
data  here  given  and  the  deductions  drawn  from  them  sustain  the  state- 
ments and  recommendationB  before  set  forth. 

The  question  is  then  taken  up  from  the  creamery  man's  standpoint. 
The  uncleanliness  of  stations  is  no  more  to  be  excused  on  the  pai-t  of 
the  creamery  man  than  is  a  dirty  separator  on  the  part  of  the  farmer. 
Creamery  men  need  to  look  well  to  this  point.  The  methods  of  receiv- 
ing cream  are  discussed  under  four  general  heads.  The  advisability 
of  equipping  a  series  of  stations  with  pasteurizing  outfits  is  doubtful 
unless  large  quantities  of  sweet  cream  can  be  secured.  This  conclu- 
sion may  l>e  disproved  on  further  investigation,  but  deductions  made 
from  the  work  done  at  Colby  are  unfavorable  to  pasteurization  at  the 
stations.  In  .shipping  cream  without  pasteurizing  the  same  precau- 
tions as  to  cleanliness  and  grading  of  cream  should  be  observed  aa  in 
the  pasteurizing  station.  Means  should  be  provided  to  secure  hot 
water  or  steam  in  abundance.  The  handling  of  cream  through  a  store 
is  to  be  discouraged  on  everj'  hand.  It  begets  the  same  conditions 
that  prevail  in  the  handling  of  country  butter.  The  direct  shipper  is 
at  a  gi-eat  disadvantage  so  far  as  quality  is  concerned.  In  opening 
new  territory  direct  shipping  may  be  admissible,  but  as  soon  as  twenty 
or  more  patrons  are  secured  a  receiving  station  should  be  established. 
The  transportation  of  cream  is  still  in  a  very  backward  state.  Poor 
cars  for  the  purpose  are  used  and  only  the  lai^e  companies  have  this 
service.  With  the  development  of  the  business  the  railroads  will 
undoubtedly  furnish  better  facilities  for  transportation. 

An  account  is  given  of  the  experimental  work  in  the  shipment  of 
cream  from  Colby  to  Topeka,  Kans.,  covering  shipments  of  sweet  and 
sour  cream,  both  jiasteurized  and  raw,  and  the  results  are  given  in 
tabular  form.  One  important  deduction  from  this  work  is  that  it  does 
not  pay  to  pasteurize  sour  cream  at  the  shipping  station. 
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In  conclusion  the  sj-stem  of  cream  grading  ]»  dealt  with.  It  is  a 
system  recommended  by  the  author  and  adopted  by  a  prominent 
'  creamery  company.  The  observations  and  experiences  of  extended 
travel  over  the  Western  dairy  territory  and  the  investigations  made 
at  Colby,  Kans.,  indicate  that  this  scheme  is  entirely  feasible.  The 
result  of  its  workings  can  not  now  be  given,  as  it  has  been  in  opei-ation 
only  since  January  1,  1904.  It  is  ba.'sed  on  the  fact  that  an  acid  test 
gives  a  very  fair  indication  of  the  quality  of  the  cream.  The  dividing 
tine  between  the  grades  1  and  2  is  made  at  15  c.  c.  by  Mann's  test. 
The  instructions  given  for  making  the  test  arc  taken  bodily  from  a 
pamphlet  issued  by  the  above-mentioned  company  to  their  station 
operators. 
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LETTER  OF  TRANSMITTAL 


United  States  Department  of  Aqeicultuhe, 

Bureau  of  Animal  Indubtrt, 
Washivgton,  D.  C,  J\dy%5,  IWJh 

Sir:  I  have  the  honor  to  submit  herewith  for  publication  the  man- 
uscript of  two  articles  entitled,  respectively,  "Manson's  eye  worm 
of  chickeus  ( Onjspirura  Maiimni),  with  a  general  review  of  nematodeij 
parasitic  in  the  eyes  of  birds,"  and  "Notes  on  the  spiny -suckered  tape- 
worms of  chickens,  Davainea  echiiioljothrlda  {~  Ta?.nm  hotriopUtes)  and 
D.  tetmgona"  by  B,  H,  Itansom,  B.  Sc.,  A.  M.,  scientific  assistant  in 
charge  of  the  Zoological  r^aboratory  of  this  Bureau. 

The  first-named  paper  is  in  two  parts.  The  first  part  comprises  a 
complete  account  of  a  paratiitic  nematode,  the  presence  of  which  in 
North  America  ha.s  not  previously  been  recorded.  This  parasite  is 
found  t>eneath  the  nictitating  membrane  of  the  eyes  of  chickens  and 
peafowl,  and  chickeii.s  thus  affected  frequently  exhibit  a  severe  oph- 
thalmia, which,  if  loft  nnti'eated,  ends  in  the  loss  of  the  eyes  and  may 
even  lead  to  fatal  results.  The  second  part  contains  a  complete  sum- 
mary of  all  the  para-sites  allied  to  (Xrynpirura  Mari«oiii  which  occur  in 
the  eyes  of  birds. 

The  second  article  consists  in  a  discussion  of  two  important  tape- 
worms of  chickens.  These  womis,  although  distinctly  different  species, 
show  such  close  anatomical  similarities  that  they  have  hitherto  been 
much  confused,  and  indeed  their  specific  identity  seems  so  far  never 
to  have  been  clearly  and  precisely  recognized.  One  of  them  {Davahuu 
(^klnol>othrid'i  =  Tam/'a  hotrioplitef)  is  the  form  which  frequently 
produces  the  nodular  disease  of  the  intestines,  first  reported  for  this 
country  in  lSit5  by  Dr.  Veranus  A,  Moore,  at  that  time  pathologist  in 
this  Bureau;  while  the  other  {Davainea  tetra^ona)  produces  no  appar- 
ent lesions. 

The  economic  importance  of  recognizing  and  distinguishing  between 
the  two  species  is  evident.  Upon  the  basis  of  the  specific  diagnoses 
given  in  this  paper,  the  worms  may  be  readily  identified  and  separated 
from  each  other,  the  characteristic  differences  between  the  two  forms 
being  here  given  for  the  first  time. 

The  illustrative  work  necessary  for  the  aiticles  has  been  done  by 
W.  S.  D.  Haines,  the  artist  of  this  Bureau. 
Very  respectfully, 

D.  E.  Salmon, 

Chief  of  SureoM, 

Hon.  James  Wilson, 
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MANSON'S  EYE  WORM  OF  CHICKENS 
(OXTSPIREA  MAXSOSl), 

WITH  A  GENBRAT.  RETIEW  OF  NEMATODES  PARASITIC 
IN  THE  EYES  OF  BIRDS. 


By  B.  H.  Eansoh,  B.  Sc.,  A.  M., 
Sdenlific  AssUtaiit  in  Charge  of  Zoological  Ijahoratory,  Bureau  of  Animal  Induitiy. 


KAHBOH'S  XTE  WOBK  (OXTSPIAimA  HAKSONI)  OF  CHICXEKS. 

INTBODTTCnOH. 

The  attention  of  the  Bureau  of  Animal  Industry  has  recently  been 
called  to  the  occurrence  of  a  parasite  in  the  United  States  which  has 
hitherto  not  been  published  for  this  country.  The  parasite  in  question  • 
is  a  round  worm  known  its  Oxtjffpirwra  Matufoni  (=J^itaria  Mansoni= 
Spiroptfra  Emmeresli)  and  is  found  beneath  the 
nictitating  membrane  of  the  eye  of  chickens.    The  i 

worms  of  this  species  are  white,  small,  and  thread-  /   | 

like,  measuring  a  little  over  half  an  inch  in  length,  I    | 

with  the  thickness  of  a  fine  sewing  needle.     The  I    j 

body  is  thickest  near  the  middle  and  tapers  grad-  ' 

ually  toward  each  end.  The  posterior  end  is  the  '^^orm  7o™w^ura  jfo^ 
more  pointed,  and  in  the  male  is  more  or  less  toaC).  Maieon  the  left 
curved  vcntrally,  while  in  the  female  it  is  .straight.  Natu™T!iL°"  o^t^'. 
The  females  are  generally  slightly  larger  than  the 
males.  The  number  which  may  be  present  in  a  subject  varies  from 
few  to  many;  Mr.  H.  C  Niles,  of  Suramerland  Key,  Keywest,  Fla., 
states  that  he  baa  taken  nearly  200  from  the  eyes  of  a  single  chicken. 

BTVFTOHS. 

The  presenceof  these  worma  in  the  eye  is  frequently  bomeby  chickens 
without  any  apparent  inconvenience.  For  example,  the  chicken  men- 
tioned above  was  said  to  be  perfectly  healthj'  and  entirely  without 
symptoms.  On  the  other  hand,  it  seems  that  considerable  irritation 
of  the  ocular  membranes  would  be  produced  by  the  movements  of  the 
worms,  which  are  seen  to  be  very  active  when  the  nictitating  membrane 
is  drawn  away  from  the  cornea  so  as  to  expose  them  to  view.    Apart 
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from  the  -possibility  of  an  antively  -irritating  influence,  the  worms 
undoubtedly  have  an  injurious  effect  merely  from  their  presence 
as  foreign  bodies.  It  would  appear  in  any  case  that  the  presence  of 
these  parasites  in  a  locality  so  sensitive  would  tend  to  establish  an 
infianimation,  and  at  least  be  a  condition  predisposing  to  inflammation 
from  other  causes. 

While  the  presence  of  the  parasites,  as  already  mentioned,  is  com- 
monly borne  without  seeming  inconvenience,  such  is  not  always  the 
case.  Distinct  symptoms  of  irritation  become  evident  at  times. 
Emmerez  (Emmerez  &  M^gnin,  IdOla)  observed  that  an  affected  bird 
shows  signs  of  uneasiness  and  scratches  at  its  eyes,  which  exhibit  an 
acute  inflammation  accompanied  by  an  abundant  secretion  of  teart*. 
The  flrst  stages  of  the  inflammation  seem  to  be  confined  almost  entirely 
to  the  eye  itself.  The  nictitating  membrane,  which  is  swollen  and 
projects  slightly  beyond  the  eyelids  at  the  corner  of  the  eye,  is  kept 
in  continual  motion  to  and  fro,  as  if  to  remove  some  foreign  body. 
The  eyelids  become  stuck  together  and  a  white  cheesy  matter,  easily 
removed,  gathers  beneath  them. 

Further  symptoms  appear  which  seem  to  be  due  to  a  complication 
with  catarrh.  The  tissues  surrounding  the  eye  and  the  infra-ocular 
sinuses  become  highly  inflamed,  and  are  reddened  and  swollen.  (See 
Frontispiece.)  The  eyeball  is  likely  to  be  involved;  the  cornea  becomes 
opaque,  and  laterthe  entire  eyeball  is  destroyed  and  the  orbital  cavity 
is  filled  with  a  j'ellow  purulent  material.  When  this  stage  is  reached 
the  worms  are  no  longer  to  bo  found  in  the  eye.  The  nostrils  may 
also  be  affected  and  become  obstructed  in  t!ie  catarrhal  process,  and 
finally  fatal  results  may  follow.  The  bird  becomes  somnolent,  scarcely 
eats,  declines  in  strength,  becomes  anemic,  and  dies  in  three  or  four 
weeks. 

Tltir.  A  TT.T  WITT 

The  treatment  consists  in  the  removal  of  the  worms,  combined  with 
the  treatment  of  the  associated  catarrh.  The  worms  may  be  removed 
either  by  direct  mechanical  means,  as  with  small  forceps,  which  opera- 
tion is  more  or  less  dangerous  and  painful  to  the  fowl,  or  by  irrigating 
with  a  solution  of  bicarbonate  of  soda  or  a  1  or  2  per  cent  solution  of 
creoliu.  The  irrigation  has  the  effect  of  partially  dislod^ng  the 
worms,  which  may  then  be  removed  entirely  by  wiping  away  with  a 
soft  cloth. 

Furthei'  treatment  is  directed  toward  alleviation  of  the  inflammation 
or  the  cure  of  the  catarrh  which  may  have  been  established.  Irriga- 
tion of  the  eyes  with  a  mildly  antiseptic  solution,  such  as  a  4  per  cent 
boric  acid  solution  or  1  per  cent  crcolin  solution,  is  indicated,  together 
with  irrigation,  also,  of  the  nose  and  mouth  if  the  nostrils  are  affected. 
Anointing  the  eyes  with  a  mixture  of  lard  9  parts  and  iodoform  1  part. 
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or  with  carbolized  vaseline,  ia  likely  to  give  good  result»  in  8ome  coses. 
The  general  sanitary  conditions  should  also  be  attended  to  and  stimu- 
lating food  furnished  as  in  the  treatment  of  simple  catarrh. 

Prophylaxis. — No  special  prophylaxis  is  evident,  as  the  life  history 
of  the  parasites  is  so  far  unknown  (see  p.  18).  Certain  general  pre- 
cautions which  are  likely  to  prevent  the  spread  of  this  as  well  as  of 
other  parasitic  diseases  should,  however,  be  taken.  Affected  fowls 
should  be  isolated.  The  chicken  houses  should  he  kept  clean  and  dis- 
infected frequently  by  the  use  of  bolting  water  and  whitewa^^h,  with 
which  carbolic  acid,  creolin,  or  other  disinfectant  has  been  mixed. 
The  yards  likewise  should  be  kept  clean  and  free  from  excos.sive 
moisture.  Chickens  should  not  be  allowed  to  drink  from  stagnant 
pools,  but  pure  drinking  water  should  be  furnished  in  vessels  which 
can  be  frequently  cleaned. 

HISTOBICAL  BSVIEW. 

We  find  this  species  tirst  referred  to  by  Cobbold  (1879b,  p.  440)  in 
the  following  words: 

Here  I  may  mention  that  on  the  lOth  of  April,  1878,  I  received  a  letter  from  Doctor 
ManHon,  of  Amoy,  announcing  hia  at^guaintance  with  a  filaria  infesting  the  eye  of 
the  fowl.  On  the  9th  of  May  I  also  received  from  Doctor  Manson  the  head  of  a  bird 
Bhowinj^  examples  of  the  worm.  As  the  spwiies  is  new  to  science  I  have"  proposed 
to  call  it  Filaria  Mnrmoni,  after  the  discoverer.  The  male  is  five-eighths  inoh  and  the 
female  three-fourths  inch  in  leni^h. 

Magalhaes  (18H8)  was  the  next  observer  to  encount<>r  this  worm, 
which  lie  described  from  specimens  coilreted  in  Brazil,  five  from  the 
eye  of  a  fowl  and  two  from  the  eye  of  a  peacock. 

Seven  years  later  (1895)  he  published  a  French  translation  of  his 
original  Portuguese  paper.  In  his  later  paper  he  was  able  to  change 
to  a  positive  statement  his  earlier  expressed  l>elief  as  to  the  identity 
of  the  Brazilian  form  with  Filarial  Manmni,  having  had  in  the  mean- 
time opportunity  to  study  specimens  collected  by  Manson  in  China. 

Emmerez  &  M%nin  (1901a)  noticed  a  peculiar  ophthalmia  among 
chickens  on  the  i-sland  of  Mauritius.  Following  the  account  which 
they  have  given,  the  disease  is  very  contagious  and  frequently  ends  in 
death.  It  tiegins  as  an  ordinary  ophthalmia.  The  bird  affected 
appears  uneasy  and  scratches  at  its  eyes,  which  become  much  inflamed 
and  watery.  The  eyelids  stick  together  and  a  white,  cheesy  matter, 
easily  removed,  gathers  beneath  them.  At  other  times  there  is  a  com- 
plication of  nasal  catarrh,  together  with  great  inflammation  and  edema 
of  the  infra-ocular  sinuses.  In  such  cases  the  condition  of  the  bird 
may  be  considered  very  serious.  With  Ma  eyes  almost  always  closed 
it  remains  in  one  place,  eats  but  little  and  with  difficulty,  becomes 
anemic,  and  dies  in  twenty  to  thirty  days. 
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One  of  the  fowls  which  had  be^n  to  show  symptoms  of  the  disease 
was  isolated,  and  Doctor  Emmerez  observed  the  following; 

The  trouble  seemed  to  be  confined  to  the  eye  itself,  while  the  eyelids  exhibited  no 
iDflammation,  except  that  the  nictitating  membrane  was  elightly  swollen  and  pro- 
jected at  the  comer  of  the  eye.  It  wae  drawn  rapidly  and  constantly  across  the 
eye,  as  if  to  remove  some  foreign  lK>dy.  When  the  membrane  was  lifted  a  large 
number  of  little  white  clender  worm?  in  active  raolion  were  sfien  beneath.  Doctor 
Emmerez  was  able  lo  remove  them  all,  to  the  number  of  about  50. 

Treatment  beeomea  very  simple  after  the  diBcovery  of  tbe  worms.  A  solution  of 
bicarbonate  of  soda  is  dropped  in  the  eye  several  times  a  <lay.  Under  the  influence 
of  this  treatment  the  worms  come  out  from  under  the  membrane,  fall  between  and 
under  the  eyelidti,  and  are  carried  outward  with  the  tears.  A  fine  cloth  should  be 
used  to  finally  remove  them,  as  they  very  quickly  regain  their  position  under  the 
membrane.  As  an  alternative,  one  may  remove  the  worms  with  fine  forceps  and 
complete  the  treatment  by  bathing  the  eye  with  a  warm  4  per  cent  solution  of  boric 

Taken  at  the  start  this  affection  offers  nothing  serious,  but  if  allowed  to  become 
complicated  with  nasal  catarrh  it  may  prove  fatal. 

In  addition  to  the  above  account  M(>gnin  ^ives  a  short  zoological 
description  with  figures  and  propow.s  to  name  the  worm  fypirrtpUra 
JCmm&^esll,  believing  it  to  be  a  new  speeie.s,  but  the  description  leaves 
no  doubt  as  to  it,s  identity  with  the  previously  de.'i^'ribed  FUaria 
ManmnL 

In  1901  and  19()2  Mr.  F.  C.  Clark  collected  numerous  specimens  at 
Laughlands,  Jamaica,  which  are  preserved  in  the  helmintbological 
colle<-tion  (Xos.  3182  and  H257)  of  the  Bureau  of  Animal  Industry, 
Department  of  Agriculture.  The  Bureau  is  under  obligations  to  Mr. 
H.  C.  Niles,  Keywe-it,  Fla.,  for  supplying  a  number  of  chickens 
infected  with  this  parasite. 

Attention  may  here  be  called  to  the  fact  that  so  far  the  worm  has 
been  reported  only  from  localities  on  or  near  the  seacoa.st.  This  point 
may  prove  to  be  of  significance  in  the  life  history  or  it  may  be  only  a 
coincidence,  but  in  any  case  it  is  worthy  of  remark. 

ANATOITT. 

EXTERNAL   APPEARANCE, 

The  worms  are  white,  with  the  customary  slender  threadlike  form 
of  the  nematodes,  and  aixt  atU'mmted  at  l>oth  ends.  The  attenuation 
is  greater  toward  the  posterior  end,  which  is  pointed,  while  the  anterior 
end  is  rounded  (fig.  1). 

Males  may  be  distinguislied  from  females  by  their  generally  smaller 
size,  and  by  the  tail,  which  is  curved  vontrally  (fig.  1). 

The  cuticula  is  very  transparent  and  perfectly  smooth.  M^alhSes 
(1888,  1895)  describes  the  cuticula  as  finely  striated  transversely,  but 
M^gnin  (Emmerez  &  M^gniu,  1901a)  remarks  that  there  is  no  visible 
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striation  of  the  cuticula,  nor  have  I  ceen  such  markings  in  any  of  a 
largo  number  of  specimena  examined. 

The  muscle  fibers  of  the  body  wall  are  plainly  visible  through  the 
cuticula,  under  low  magnification,  as  coarse  loDgitudinal  striatlons, 
and   in  favorable  specimens  much  of  the 
intnrnal  anatomy  is  also  apparent. 

On  each  side  of  the  body  350  to  400  ft 
from    the   anterior   end    is  a    very  small  j  p^ 

rounded  cervical  papilla,  scarcely  discerni- 
ble, provided  with  a  short  projecting  hair- 
like process,  evidently  a  sense  organ.  A 
pair  of  very  small  conical  papillte,  each 
with  a  tiny  opening,  is  situated  near  the 
tip  of  the  tail  in  both  sexes  (fig.  4.) 

The  mouth  (fig.  2,  jh.)  is  circular  or  oval, 
and  is  surrounded  by  a  chitinous  ring  (figs. 
2,  3,  n.  o.  r.)  dividedlnto  six  lobes  by  nar- 
row clefts  extending  inward  from  the 
outer  edge.     These  clefts  correspond  to  the 

lateral  and  submedian   longitudinal   lines. 
'.•■»■'■  Projecting  from  the  surface  of   the  head 

near  the  outer  edge  of  the  ring  an<l  in  rela- 
tion with  the  clefts  arc  six  small  papillie 
(figs.  2,3,  L  p.,x.  m.j?;.)  to  be  distinguished 
only  with  difficulty  and  usually  only  when 
the  head  is  viewed  e/i  /ace  under  a  high 
power.  On  the  -sides  of  the  head,  poste- 
rior of  the  circle  of  papillie  just  referred 
to,  are  four  papilla;  (figs.  2,  3,  «.  /.  p.) 
which  from  their  position  may  be  desig- 
nated sublateral  papillie,  as  they  arc  lo- 
cated midway  between  the  lateral  and  sub- 
median  lines.  The  .sublateral  papillte 
measure  4  to  6  /^  in  length,  and  are  slender 
and  conical  in  shape.  They  project  out- 
ward almost  at  right  angles  to  the  surface, 
and  under  a  moderately  high  power  are 
readily  apparent  in  a  lateral  view  of  the  head. 

The  excretory  pore  (fig.  5,  eie.  p.)  is  situated  in  the  ventral  line  at 
about  the  level  of  the  cervical  papillae;  that  is,  350  to  400  ft  from  the 
anterior  end  of  the  body. 

Male:  Cobbold  (18t9b)  gives  the  length  of  the  male  as  five-eighths  of 
an  inchOilHiut  16  mm.);  Magalhiies  (1888, 1895),  14  mm.;  and  Mognin 
(Emmerez&M%nin,  1901a),  12  mm.   The  maximum  length  of  the  speci- 
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mens  which  I  have  measured  was  14  mm.,  the  minimum  10  mm.     Speci- 
mens of  the  latter  length  were  clearly  immature;  13  to  13  mm.  was  the 
usual  size  of  mature  worms.     The  diameter  of  the  body  is  50  ft  at  the 
anterior  end,  200  to  350  ft  at  the  middle,  and  65  to  150  n  at  the  opening 
of  the  cloaca,  which  is  situated  3*20  to  400  ft  from  the  tip  of  the  tail. 
As  already  mentioned,  the  tail  is  more  or  less  curved  ventrally  and 
may  describe  one  complete  revolution  of  a  spiral,  or  less.    There  are  six 
pairs  of  genital  papiliie  (hg.  4)  in  the  immediate  neighborhood  of  the 
anal  opening — two  pairs  postanal  and  four  pairs  preanal.     M%nin 
{Knnnerez  &  M^gnin,  lltOla)  mentions   but   iive   pairs  of   papilla;; 
Magalhaes  (188B,   1895),  on  the  other  hand, 
stjitcs  that  there  are  eight  pairs^three  post- 
anal and  live  preanal.      In  the  considerable 
number  of  specimens  which  I  have  examined 
there  were  in  no  case  more  nor  less  than  six 
pairs  of  genital  papilla'. 

The  papillre  (tig.  4)  of"  the  first  and  second 
jwir  are  situated  a.  short  distance  on  either 
side  of  the  median  line.  The  second  pair  is 
just  postenor  of  the  anus,  and  the  first  pair 
about  50  ;"  liehiiid  the  second.  The  papillte  of 
the  third  ]>]iir,  adanal  mther  than  preanal, 
are  almost  on  a  line  with  the  anal  opening,  and 
arc  so  far  distant  from  the  median  line  as  to 

I       be  sublatenil  in  position.    The  fourth  pair  is 

^«^  m  to  40  fi,  the  fifth  pair  60  to  70  n,  and  the 

sixth  pair  100  to  IW  i^,  anterior  of  the  anus. 
Of  any  two  successive  pairs,  the  fourth  and 
fifth  pairs  are  generalh'  the  nearest  t<^ther, 
while  the  fifth  and  sixth  are  the  farthest  apart 
'(Ojw-virum^.iBHH^t  T™     (t^®  lateral  distance  which  separates  the  papil- 
trai  vipw  or  pwiorior end  of     lie  of  the  third  pair  from  the  others  not  con- 
l^'^.'"'w.r'""''"    ^""    «'dered).     Passing  forward  from  the  first  pair 
of  papillie,  which  are  the  closest  together,  and 
leaving  out   of    consideration   the   third   pair,    the   lateral  distance 
between  the   papillae  of   each    pair  gradually  increases,  reaching  a 
maximum   in  the   sixth  pair,  which  are  situated  nearly  on  the  sub- 
median  lines.     The  piipillie  of  the  sixth,  fifth,  fourth,  second,  and 
firpt  pairs  are  thus  located   on    two   converging  lines  which  meet 
a  short  distance  posterior  of  the  anus.     There  is  more  or  less  aaym- 
metry  in  the   arrangement  of  the   papillce,   so  that  the  papillae  of 
any  one  pair  are  not  always  exactly  opposite.     Owing  to  this  cir- 
cumstance it  is  sometimes  difficult,  from  a  lateral  view  alone,  to 
determine  the  exact  number  of  papillie  and  their  arrangement  into 
paii-s.     The  spicules  (fig.  6,  mj}.)  are  often  seen  extruding  from  the  anal 
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opening.  Ooe  of  the  spicules  is  long  and  ijlender,  and  the  extruded 
portion  may  measure  1  mm.  or  more  in  length,  while  the  other  is 
short  and  thick  and  ia  only  slightly  protrusible.  In  no  specimen 
examined  was  there  any  evidence  of  lateral  cuticular  membranes  in 
relation  with  the  tail,  as  described  by  M^gnin  (Emmerez  &  M^gnin, 
1901a). 

Female:  The  females  measure  from  12  to  18  mm.  in  length,  50ju  in 
diameter  at  the  anterior  end,  400  to  430  ;i  at  the  middle  of  the  body, 
210  to  280  ;i  at  the  vulva,  and  90  to  100 /J  at  the  anus.  The  vulva  (fig. 
7,  vvl.)  is  in  the  posterior  part  of  the  body,  1  to  1.4  mm.  from  the  tip 
of  the  tail.  It  is  an  almost  circular  opening  40  or  50  t*  in  diameter, 
surrounded  by  a  very  prominent  raised  border.  The  anua  (fig.  1)  is 
situated  400  to  530  ^t  from  the  tip  of  the  tail,  and  its  location  is  fre- 
quently indicated  by  a  small  papilla-like  swelling  of  the  cuticula. 
Magalb3cs  (1888, 1895)  gives  the  following  table  of  measurements  of 
five  females: 

ifeanureinejila  of  iTanfon'n  rye  ii-orm  {frmnlf). 


Length  

niunete  n  anlerlorpnd 

DlBBie      n    ItlQ  larther  back 

Dam  tc  a  middle tbtrd 

Duim         n    evelofvulva 

Dame      a    evcloUnus 

Dam  B  exticmltyof  toll.... 

D  nm  tc        moulh  opening 

D  am  empba^us 

D   Can  o     ulva  tmm  dp  of  Ijill 

D   Un  aniw  [mm  dp  of  UN  . 


An  extensive  account  of  the  internal  anatomy  is  deemed  unnecessary 
for  the  purpose?!  of  this  article,  and  accordingly  no  attempt  has  Incn 
made  to  elaborate  the  finer  anatomical  and  histological  details.  The 
following  discussion  is  therefore  confined  to  the  more  general  rela- 
tions of  interaal  structure. 


A  nerve  ring  (fig.  5,  n.  r.)  surrounds  the  esophagus  about  250  li 
from  the  anterior  end  of  the  body.  It  is  thus  some  distance  anterior 
of  the  excretory  pore. 

In  the  immediate  neighborhood  of  the  nerve  ring  are  a  number  of 
large  cells  with  prominent  nuclei,  which,  from  their  position,  were 
interpreted  by  Magalh9es  as  ganglion  cells.  Some  of  them  are  smaller 
than  the  rest  and  stand  in  direct  relation  with  the  fibers  of  the  nerve 
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ring.     The  remainder  are  arranged  in  four  groupa,  corresponding  to 
dorsal,  ventral,  and  lateral  ganglia.     The  lateral  groiipu  are  embedded 
in  the  substance  of  the  lateral 
-•-  bands  on  each  side  of  the  nerve 

ring.     The  dorsal  group  is  com- 
posed of  four  or  five  pyriform 
cells  with  processes  extending  to 
^  the  body  wall  in  the  dorsal  line, 

I'he  ventral  gi'oup  is  largest,  and 
n.r.  extends  from  the  nerve  ring  to 

the  excretory  pore.      In    cros.s 
section  it  is  triangular,  with  the 
p.  apex  of  the  triangle  joining  the 

body  wall  in  the  ventral  line, 
while  the  base  is  closely  applied 
to  the  ventral  surface  of  the 
esophagus,  Oils  of  similar  ap- 
pearance to  the  above  occur  in  a 
group  in  each  lateral  hand  oppo- 
site the  tei'niinal  jwrtion  of  the 
intcistino  in  both  male  and  female. 
The  following  nerves  were  seen; 
A  prominent  venti-al  and  a  small 
dorsal  nerve  extending  backward 
I  1  from  the  nerve  ring  in  the  ven- 
^  tral  and  dorsal  lines,  lespectively, 
and  one  or  two  nerves  extending 
forward  from  the  nerve  ring  in 
each  lateral  band.  The  ventral 
nerve  divides  into  two  a  short 
distance  posterior  of  the  nerve 
ring,  and  tlie  two  portions,  after 
passing  one  on  cither  side  of  the 
common  excretory  canal,  unite 
ag^D  on  the  median  line, 

int. 

The  lateral  bands  (fig.  5,  I.  I.) 
extend  the  length  of  the  body, 
and  measure  15  to  20;^  in  width. 
They  have  the  usual  structure, 
contain  numerous  nuclei,  and 
through  them  run  the  longitudi- 
nal excretory  canals,  which  unite  posterior  of  the  nerve  ring,  and  open 
by  the  common  tube  thus  formed  at  the  excretory  pore  {fig,  5,  ex.  p.). 
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There  appears  to  be  a  connection  posteriorly  between  the  excretory 
canals  and  the  openings  through  the  small  papilla?  (fig.  4),  near  the  tip 
of  the  tail,  already  mentioned,  but  this  relation  could  not  be  deter- 
mined with  certainty. 

The  muscles  of  the  body  wall  have  the  well-known  polymyarian 
arrangement. 

A  fan-like  system  of  fibers  (figs.  6,  7)  is  found  in  the  tail  of  both 
male  and  female  in  relation  with  the  terminal  portion  of  the  inte.stinc. 
Beginning  close  togrther  in  the  neighborhood  of  the  anus,  the  fibers 
extend  in  divergent  lines  to  attach  to  the  dorsal  wall  of  the  body. 


The  circular  or  oval  mouth  (fig.  2,  m.)  opens  into  a  cbitinous  mouth 
capsule,  or  pharj'nx  (figs.  3,  5,  ^A.),  in  which  two  distinct  portions 
may  be  defined,  anterior  and  posterior,  the  former  somewhat  shorter 
and  broader  than  the  latter,  and  marked  off  from  it  by  a  prominent 
irregular  ridge  projecting  forward  on  the  inner  surface.  The  pharynx 
is  triangular  in  cross  section.  Its  length  is  40  to  60  /(.  The  anterior 
portion  measures  15  to  25  /*  in  length  by  25  to  30  m  in  width;  the  pos- 
terior portion  25  to  30  >J  in  length  by  20  to  25  /J  in  width. 

The  esoph^us  (fig.-t.  3,  5,  (■«.),  which  begins  at  the  base  of  the 
pharynx,  is  a  thick-walled  muscular  organ  with  a  narrow  triradiate 
lumen  lined  by  cnticula,  and  belongs  to  the  filariform  type.  It  is 
club-shaped,  gnidually  increasing  in  size  toward  the  posterior  end. 
,  The  diameter  of  its  anteiior  end  is  about  40  mi  of  its  posterior  end, 
80  to  100  fi;  and  the  length  is  about  1-5  mm.  The  posterior  end  is 
rounded  and  slighth'  bulbous,  and  at  the  extremity,  which  projects 
into  the  lumen  of  the  intestine,  prolonged  into  a  rounded  conical  tip, 
without  musculaT  element  and  apparently  composed  entirely  of  chitin. 

Except  for  irregular  dilations  the  intestine  (tigs.  5,  6,  7,  ini.)  varies 
little  in  diameter  during  its  almost  straight  course  from  esophagus  to 
rectum  and  uieasurcs  in  that  dimension  from  50  to  100  ft-  1^3  compara- 
tively thin  wall  is  comjrased  of  columnar  cells  about  8  ;<  in  length, 
covered  internally  by  the  peculiar  cuticular  lining  of  the  nematode 
intestine.  The  cells  (tig.  7,  x.)  forming  the  wall  of  that  portion  of  the 
intestine  just  in  front  of  the  rectum  are  larger  and  less  closely  crowded 
than  elsewhere  and  the  wall  is  thicker.  In  a  ventral  view  of  the 
female  this  region  of  the  intestine  is  seen  to  be  sharply  marked  off 
from  the  rectum  by  a  straight  transverse  lino. 

The  rectum  (fig.  7,  ret.)  tapers  gradually  toward  its  opening  at  the 
anus.  Its  wall  is  compact  and  lined  inwardly  by  a  dense  layer  of 
cuticula.  It  measures  100  to  120  m  in  length.  The  fan-like  system  of 
fibers  extending  from  its  terminal  portion  to  the  dorsal  wall  of  the 
body  has  already  been  mentioned. 
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Mah:  The  tetitis  begins  anterior  of  the  middle  of  the  body  as  a 
sleoder  cord,  which  makes  a  number  of  short  loops  backward  and 
forward  and  gradually  increases  in  diameter.     It  may  extend  into  the 
anterior  part  of  the  iKxiy  almost  to  the  nerve  ring.     From  about  the 
middle  of  the  body,  where  it  has  attained  a  size  of  50  to  60  /i,  ita  far- 
ther course  backward  is  almost  a  straight  line.     About  1.5  mm.  in 
front  of  the  anus  there  is  a  constriction  which  marks  the  beginning 
of  the  terminal  portion  or 
ejaculatory  duct  (fig.  6,  dct. 
ej,).    The  wall  of  this  por- 
tion is  thick,  composed  of 
tall  columnar  cells,  and  the 
lumen  is  narrow.     The  por- 
tion   irampdiately   anterior 
of    the   constriction,    with 
thin  walls  and  wide  lumen, 
serves  as  a  seminal  vesicle 
(fig.  ti,  r.  ».).     The  ejacula- 
tory duct  becomes  smallei- 
near  its  terminus  and  joins 
the  intestine  on  the  ventral 
aide  of  the  latter,  80  to  100 
fi  from  the  anal  opening,  to 
form  the  cloaca. 

The  longspicule  measures 
3  to  3.5  mm.  in  length  by  8 
to  10  >J  in  diameter;  the 
short  .spicule,  200  to  220  ft 
in  length  by  30  n  in  maxi- 
mum thickness.  The  spi- 
cules are  hollow.    There  is 

' 1 ' ' — ' — /„n' ' ' ' '  ti**  opening  through   their 

rounded  distal  ends,  while 
their  proximal  ends  are 
squarely  cut  off  and  open. 
The  short  spicule  may  be 
compared  roughly  to  a  boat.  On  its  ventral  surface  it  has  a.  longitu- 
dinal depression  or  groove,  which  serves  as  a  guide  for  the  slender 
spicule.  The  delicate  transverse  striation  of  the  spicules  is  not  super- 
ticial  but  affects  their  entire  thickness.  The  spicules  are  situated  on 
opposite  sides  of  the  cloaca.  If  the  long  spicule  is  on  the  right  side, 
the  short  spicule  is  on  the  left  side,  and  vice  versa,  and  this  relation 
varies  in  different  individuals.  Each  spicule  is  surrounded  by  a  close- 
fitting  sheath,  which  opens  into  the  dorso-lateral  side  of  the  cloaca  near 
its  terminus.     The  walls  of  the  spicule  sheaths  are  well  supplied  with 
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longitudinal  muscle  fibers,  and  a  strong  bundle  of  muscle  fibers  (fig.  6) 

extends  forward  from  the  anterior  end  of  each  spicule  attaching  finally 

to  the  body  wall  near  the  ventral  line. 
Female:  The  female  organs  begin  in  the  posterior  portion  of  the 

worm  as  two  slender  tubes,  the  ovaries  (fig.  7,  ov.),  which  describe  a 
number  of  loops  in  their  course  forward, 
and  increasing  gradually  in  size  are  trans- 
formed into  two  large  uteri  filled  with 
eggs  in  various  stages  of  development. 
Besides  lesser  loops  each  uterus  describes 
a  long  loop,  the  two  limbs  of  which  ex- 
tend nearly  the  entire  length  of  the  worm, 
so  that  in  a  cross  section  near  the  middle 
of  the  body  each  uterus  is  cut  twice.  The 
bend  of  the  long  loop  of  the  uterus  is  in 
VUl.  the  anterior  part  of  the  body.  The  two 
uteri  ultimately  unite  in  the  posterior 
OT. 
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part  of  the  body  about  1.5  to  2  mm.  in  front  of  the  vulva  to  form 
the  vagina  (fig.  7,  ^g'.),  which  extends  in  a  nearly  straight  course 
backward  to  the  vulvar  orifice.  The  vagina  mea.fures  about  50  }i  in 
diameter,  the  uteri  about  100  ^  in  maximum  diameter.  The  wall  of 
the  vagina  increases  in  thickness  postcri^d,  due  to  the  gradual  accu- 
mulation of  circular  muscle  fibers.  The  eggs  are  forced  along  the 
narrow  lumen  of  the  vagina  in  a  single  row,  hut  in  the  uterus  as  many 
as  15  or  20  may  be  counted  in  a  single  cross  section, 
4241— No. « 
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Segmentation  of  the  eggs  does  not  begin  until  after  the  formation 
of  the  shells.  At  this  time  the  eggs  are  much  elongated,  with  rather 
square  ends,  and  measure  21  by  12  m-  With  progressing  development 
the  eggs  increase  in  size  and  become  more  rounded,  so  that  in  the 
later  stages,  wherein  the  worm-like  embryo  is  rolled  up  inside  the 
shell,  they  are  almost  perfectly  oval  and  measure  50  by  40  to  65  by 
46  /*  <fig.  H). 

UFE  HIBTORT  AND  DEVXIiOPJCEirr. 

The  life  history  has  not  been  determined.  M^gnin  (Emmerez  & 
Mi^gnin,  1901a)  ventures  the  opinion  that  eggs  are  deposited  outside 
the  eye,  since  Emmerez  never  observed  free  eggs  or  embryos  in  the  eye, 


Fin.  9.— HniiHoii'n  cyv  worm  {Oiyipinira  Maaimil).    Kmbryia.     KnlarKcd.    Original. 

and  ho  surmises  that  development  takes  place  in  water,  EsperimentM 
bearing  upon  the  life  history  have  been  performed  in  this  laboratory, 
but  they  have  been  almost  haiTen  of  results. 

On  .Tilly  17i  1903,  two  female  worms  wore  removed  from  the  eye  of 
a  chicken  into  salt  solution,  and  on  the  following  day  were  placed  in 
water  and  torn  into  small  pieces  with  needles,  thus  setting  free  a  large 
number  of  eggn  containing  embryos.  The  embryos  were  kept  at  the 
tempoi"ature  of  the  room.    Two  days  later  there  was  no  apparent 
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change,  but  on  the  following  day,  July  SJl,  many  of  the  embryos  had 
hatched. 

In  the  hatching  of  the  embryo  (fig.  9)  a  small  cap  splits  off  from 
each  pole  of  the  egg,  following  a  smooth  even  line  of  fracture,  leaving 
the  Itody  of  the  eggshell  in  the  form  of  a  barrel  without  head  or  bot- 
tom. In  many  instances  but  one  cap  splits  off.  The  newly  hatched 
embryo  is  only  .slightly  attenuated  toward  each  end.  The  anterior 
end  is  rounded  and  the  posterior  end  only  very  bluntly  pointed. 
Little  could  be  distinguished  of  the  internal  structure,  which  was  still 
in  a  very  incomplete  condition  of  development.  The  cuticular  lining 
of  the  filariform  esophagus  was  distinctly  evident,  leading  backward 
from  a  small  cup-tike  cavity  in  the  anterior  end,  indicating  a  rudi- 
mentary mouth  capsule  or  pharynx.  The  embrj'os  measure  2^5  to 
350  ft  long  by  12  /t  in  maximum  thickness;  the  esophagus  has  a  length 
of  about  50  M- 

The  alio vc- mentioned  embiyos  were  quiescent  when  they  were  fii-st 
seen  aft*'r  hatching,  and  ap^mrently  dead,  with  the  exception  of  one, 
which  exhibited  feeble  movements,  but  it  also  l)ecume  quiet  in  a  short 
time.  The  embryos  manifested  no  further  signs  of  life  and  were 
entirely  decomposed  at  the  end  of  a  few  days. 

A  female  worm  from  the  same  lot  was  also  cut  up  on  July  IS  and 
the  eggs  contained  were  transferred  to  the  eye  of  a  healthy  chicken. 
Two  weeks  later,  August  1,  the  oyc  seemed  to  be  slightly  swollen  and 
a  small  white  opaque  spot  was  apparent  on  the  cornea;  on  August  fS 
the  other  eye  appeared  to  be  affected  also.  Careful  examination  of 
the  eyes,  however,  failed  to  reveal  any  of  the  parasites.  The  inference 
is  that  the  embryas  did  not  develop,  and  that  the  slight  alTection  of 
the  eyes  noted  was  due  to  other  causes. 

Further  attempts  at  infection  have  been  made,  but  with  negative 
results.  Eggs  containing  embryos  were  placed  in  the  eye  of  a  young 
fowl  February  2H,  1904.  On  the  same  date,  also,  eggs  containing 
embryos  were  fed  to  a  young  fowl  and  to  a  full-grown  hen.  Both 
young  chickens  died  April  4.  No  eye  worms  were  found  on  post- 
mortem examination.  Examination  of  the  remaining  chicken  to  which 
eggs  had  been  fed  showed  that  eye  woims  were  absent  April  19. 

These  few  incomplete  experiments,  all  resulting  negatively,  will 
warrant  no  definite  conclusions  concerning  the  life  history  of  Oxysjrl- 
riifa  Manxojii.  It  seems  probable,  however,  that  it  is  necessary  for 
the  embryos  to  pass  a  certain  period  of  their  existence  either  free  or 
in  an  intermediate  host  before  they  will  develop  to  maturity.  If  fur- 
ther inve.itigntions  continue  to  show,  as  all  observations  so  far  have 
shown,  that  the  parasite  is  restricted  to  localities  bordering  on  the  sea- 
coast,  this  fact  will  be  of  considei'ablo  significance  in  connection  with 
the  life  history,  indicating  either  that  some  marine  form  serves  the 
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parasite  a»  an  intermediate  host,  or  that  certain  conditions,  peculiar  to 
the  seashore  but  yet  unknown,  are  necessary  to  enable  the  parasite  to 
complete  the  cj'clc  of  its  development. 

The  entire  question  of  the  life  history  of  Oxympirura  Mafmoni,  there- 
fore, still  remains  to  be  solved. 

OESXRAL    REVIEW  OF   HEHATODEB   PARASITIC   IH   THE  ETES 
OF  BIRDS. 

In  connection  with  thestudj'of  Oj-i/sjyinira  Manioniityvasto\iad,ao 
far  tks  was  pos.sible  to  ti-acc  in  the  literature,  that  only  one  other  nema- 
tode ("  Filaria  will"  p.  2iJ)  has  been  recorded  parasitic  in  the  eyes 
of  birds  in  the  I'nit^'d  States.  Taking  the  entire  world,  however, 
about  ;i8  species,  altogether,  have  been  reported,  collected  from  the 
eyes  of  about  43  different  spccieti  of  Itirds.  It  therefore  seems  very 
evident  that  a  considerable  numl>er  of  species  probably  oc«ur  iti  the 
eyes  of  birds  in  the  United  States  which  have  hitherto  been  over- 
looked, chiefly,  it  is  presumed,  on  ai^count  of  a  lack  of  due  attention 
by  collectors  of  parasite.s  to  the  eyes  of  animals  examined.  The  fact 
that  over  half  the  known  species  are  the  result  of  the  work  of  a  single 
collector  (Nattcrer)  of  South  American  birds  would  indicate  that  the 
eyes  are  much  more  frequently  the  location  of  nematode  parasites 
than  is  commonly  supposed. 

Since  the  literature  coniwrning  the  nematodes  parasitic  in  the  eyes 
of  birds  ia  scattered  in  numerous  publications,  mostly  foreign  and  not 
generally  available,  it  is  believed  that  a  summary  of  our  knowledge 
concerning  them  will  he  found  useful.  Such  a  summary  seem-s  espe- 
cially desirable,  not  only  because  these  pai'asitcs  are  of  particular  inter- 
est in  the  present  connection,  but  because  a  resum6  of  the  forms  in 
<luestion  may,  in  the  iirst  place,  serve  to  direct  attention  to  a  neglected 
but  important  tield,  and,  in  the  second  place,  afford  a  convenient  and 
readily  accessible  basis  of  reference.  The  following  review  includes 
practically  all  the  nematodes  which  have  been  reported  up  to  the 
present  time  from  the  ryes  of  birds.  The  synonymy  and  bibliography 
are  based  upon  the  card  catalogue  of  the  Zoological  Laboratory. 

LIST  OF   SPECIES,  WITH   STKONYVT  Ain>  SPECIFIC  DIAOKOSBS. 
Gench  OXTSFntlTRA  Pkawfib  {in  S'PK^irhi,  1897). 

Genbric  diagndkis. — Filariidic:  Mouth  without  lips,  surrounded  by  two  lateral 
and  fuurBuhiuedianiiapillH^.  Pharynx  present.  iMeitihraiiousalieon  bead  generally 
lacking.    Tail  usually  slender  and  acutely  pointe<l. 

Tail  ot  male  without  bursal  membranep,  and  with  papillie.  Spicules  two,  unequal; 
one  long  and  filifomi ;  the  other  short  and  thick.  Vulva  aii  a  rule  situated  in  the 
posterior  part  ol  the  boily,  a  short  distance  in  front  of  the  anus. 

Tvi-E  SPECIES.— 0.(7/»pi>urn  crjihalopUra  (Mnliu,  1860)  Stosi-ieh,  1897." 


"See  nematode  cLeok-list,  by  Stiles  &  Uaesall  (.MS.). 
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f,  laeO)  Srowtca,  1S97. 


UoLiN,   iseo,  pp.  966-9AT.  993.— DiESrNO,  IWIa,  p.  STH. 
p.  71.— Idem,  I8N9.  p.  ■!&.-  Druche,  ISHln.  pp.  203.  113,  pi.  U,  Hgfi.  15.  t«,— 
123  [as  urnonrra  o[  Ori/tpirnni  Bnamnihura] . 
1860;  SpiMpton  woiop*na«  ani  MoLIN,  1880.  p.  W«  [ua  nynonym  of  S,  onomri/Aura] . 
IMO:  Splroptera  crolophaga  majorii   UOLtN.  isao,  p.  968  [as  Bimonym 

cnitopfta0icmaJortaMu][n,  1860,  p.  940=,'<.  tanaalaSa  MoKn], 
liW7:  Oij/tpirura  anacanthura  (MoUn,  I860)  Stobstch.  1897.  pp.  123-124, 118. 

Orytpirura:  Body  straight  and  alender,  gradnsll)' attenuated 
coward  both  eods,  truncated  anteriorly  and  acuttly  pointed  pos- 
teriorly without  mucronat«  caudal  tip.  Head  with  two  voluminous 
lateral  c-uticular  membranes.n  Klouth  larjre,  circular,  surrounded 
by  aix  very  Bmall  membranous  lobulcB,  and  four  Hiibmedian  papilltf. 
Pharynx  short.     Cuticula  o£  l»dy  closely  striated  tranaversely. 

Male:  8  to  10  mm.  long  by  0.1  mm.  thick.  Caudal  extremity 
coiled  in  a  single  turn,  without  bursal  membranes;  two  ptura  of  (?) 
preanal  papillie,  and  a  variable  number  of  asymmetrically  arranged 
postanal  papillfc,  up  to  as  many  aa  five  pairs.  Spicules  two,  un- 
equal; right  spicule  short,  thicli-eet,witli  boat-shaped 
lip;  left  spicule  filiform,  acutely  pointed,  alate,  five 
times  as  long  as  the  right  spicule. 

Female:  11  to  1.1  mm.  long  by  0.2  mm.  thick. 
Vulva  prominent,  a  short  distance  anterior  of  anus. 
IlABiTAT.^Oimmon  smootli-billed  ani,  C'rotophaga 
ani;  under  nictitating  membrane;  Brazil  (Molin, 
IS60).— Orealerani,  VroUrphagamajiyr;  nnderni" 
ing  membrane;  Brazil  (Molin,  IMtO). 
Type  specimbnn. — In  Vienna  Museum. 


MoIin  (1860,  p.  966)  hased  this  species  on 
nine  males  and  two  females  from  Crotoph/uja 

aid  collected  by  Natterer  in  1S2'.I,  and  four  ^''^ 

mate»  and  six  females  from   O.  viajor  col-  to, 

lected  b}-  Natterer  in  1825.     All  but  three  «'b 

were  well  preserved   and  perfectly  trans-  (Hr 

parent.     The  original  material  wa.s  reexam-  "** 

ined  by  Dnische  (1884a).  ng. 

OxYHPIRUKa]     ANOLABIATA   ( MoLIN,    1860)     RaNSOM,   1904. 
ms.  12.) 


1860:  Kpiraplera  anolablala    Moi.is,   18ii0,   pp.   981,  W2,— LlNSTolv,  1tl78.  p.  124.— iDRH,  1WI9,  p.  47. 
— Drasche,  l»SlB.p.2D8,pl,  I2.(lB,-.a.— WrxiaiLM,  L897,  p.  .'il  {nnnnmijmotrilarittani-lablala]. 
ISflO:  SpfTOpfcracrarOniiTlorfsMuLIN.  186(1,  p.  981  [aiisynoiirnnH.S.  nmHafiJiWa]. 
18W:  FOaria  aiwlabiala  {Molin,  IWO)  Stidhfch,  1897.  pp.  51. 14». 
I9M:  [Tniv>pJrwMl<iRul(iMafa(MollTi,  18fiO}IUNeoH,  1904,  p.  ;j]. 

"  Molin  {I860,  p.  966)  descrilies  founnembraneH  on  the  heail  arranged  in  the  form 
of  acro^,  but  Dnu4che(1884a,p,  203),  who  examined  Mohn's  original  tiiaterial,  failed 
to  find  thie  structure. 
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SPBCiric  DMGNoeia.— ?  Oxi/tpirura: 

ifaie:  Unknown. 

Female:  S  to  17  mm.  long  by  0.4  mm.  thick.  Anterior  end  of  body  sbmptly 
altenuaUil  with  trtmtatt-il  ajicx.  f'ntiniiRr  ringg  with 
sharply  cut  posterior  border  encircle  the  body.  Mouth 
larf^,  surrounded  by  six  small  lips  or  lobes,  two  lateral 
snd  four  mibmedian.  In  relation  with  cacli  lip  is  a 
Gnger-like  process  extending  inward  from  the  periph- 
ery of  the  bead.  These  proceiisea  divide  the  annular 
border  of  the  mouth  into  six  lobes.  Mouth  opene 
into  a  broad  abort  pharynx.  Tail  ptraiRht,  abruptly 
conical,  with  blunt  curved  tip.  Position  of  vulva  not 
determined. 
FIG,   12.-P  Oit/^lmra]  a».,te  H.iBiT.iT.— Spix     curassow,    Cmx    fasdolata;     tinder 

X  2jio      (HuiniB  del     stier     nictitating  membrane  and  free  in  theeve;  Braiil  (Molin, 
Drasclie,  18SW,  pi.  12,  llg.  23.)       1860). 

TvPE  BPEciMENa. — In  Vienna  Museum. 
This  spei'ics  Ls  based  upon  specimens  of  five  females,  collected  by 
Natterer  in  18^5  and  18ii7.     It  was  listod  witli  xjikcIi'k  iinptlnvfL-e  by 
Molin,  on  account  of  the  lack  of  specimens  of  the  male. 
The   original    material   was    reexamined    by    Dra.sche 
(1884a).     It  is  very  probable  that  this  species  belong.s 
in  the  genus  Oj:i/xj)!riirii.     There  is  a  striking  similarity 
between  the  figure  (fig.  I'l)  given  by  Drasche  (1884a), 
and  the  head  of  Oxyxjiiruni  Mii/foni  (fig.  3).     ■ 
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H  (MoLCN,  186(1)  ST<)SKir]T,  1«1)7. 


1860:  Spiroplrra  bnrfjM-nfi 


t:  Spirt^ttFraiHlcrodaclffilmafffl^tvtt  MtH, 

(era  brrrijiTHwJ. 
I:  (JiriftjifrtiruImTiiinii-  |MoHn,  1H«0)  ST 


«7.  pp.  l; 


Speoipk:  lHAiiNOBiH. — K Ij-ijujiiniTa:  Body  straight,  aleiiiler,  fili- 
form. Anterior  extremity  attenuate<l  with  tnincated  aiH.'X. 
Month  laTge,  orbicular,  without  lijm  or  i>apillu.-:     I'liarynx  alwenf. 

Mfde:  IK  to  KJ  mm.  lon^  by  0.4  mm.  thick.     Tail  cilcl  in  two 
turns,  bodkin-shapeii  with  sharp  point,  and  without  bursal  niem- 
brantv;   six   pairs  (if   preanal  anil  fix  [miitb  of  postanal  papilln',         I'mleilc 
tlie  latter  imimatunt  in  numU'r  and  aeymmetrii-al  in  arraiiKement.        mate. 
Spicules  two,  iiejirly  e(|na1,  very  siiorl,  curvci,  salx'r-like. 

Ffiaale:  11  ti>27nijn.  Iunt;by0.l  lo().r>nini.thii'k.     Tail  >^traigbt, 
slender,  <Y>nical,  with  lhi<-kencd  tiji.     Anus  rcimite  from  cauilal         ii.) 
ti|>.     Vulva  near  anUH,  prominent,  with  swollen  piicli-Tior  lip. 

Habitat.— /AV/((rfo/j/i»)i  iH!(r[;mpi[  =  fHirieina,   Cnr'i'tina  n\tUitii\\  luiiler  nictitating 
membrane;  Urazil  (Molin,  18)>0). 

Type  si'bcimrns. — In  Vienna  Museum. 

Molin  (ISfiO,  p.  9iil)  bused  his  description  of  this  species  on  seven- 
teen nialc  and  twenty-one  female  apcciniens,  collected  by  Natterer  in 
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1824,  all   well   preserved   and   perfectly  transpuroiit.     The   original 
material  waa  i-edescribcd  by  Diusche  (18S4a). 

The  absence  of  a  pbarynx,  and  the  occurrence  of  short,  nearly  equal 
spicules  makes  it  very  doubtful  whether  this  ajjccies  can  he  classed  in 
the  genu«  Oxynpirura. 

OXVaPIRURA    BKBVIat'BtlLATA    (MOLIN,  1860)    f^TOHSICII,  1897. 
ityNONYMY  AND  BlBLIOORAFHY. 

rem:  Spinplera  brfritultulala  MoLiN,  IBAO,  pp.  OM-SflD,  MS.— DiEaiHO.  iWla,  p.  CTT.-Dbarcre,  IRSIb, 
pp.  aH-att.— LiNBTiiW.  1BS9,  p.  «.— Pakosa,  18S9,  |i.  775.— rtrossicK.  IKW,  p.  IVl  IM  nyuDiiyni 
o[  Oj-iiipirura  brn-UHbiUala] , 

laOD:  Spfroplira  ttriglf  N.  K  MOLIH.  INSO,  p.  960  [na  nynonym  ol  SiilnitiUrabrrrimlmlala:  nnt  S)ilroplera 
•(rfffi.  Hiidi>!ph[.  1819.  p. '»:  nol.'i.  itriyuti.  16  Mnlln., into.  p.  ««--.■'.  ^w-HiAawota], 

1H78:  Spirojilcra  breriitubaliUa  (Molin.  ItiUO)  LlMBTOW,  1878,  p.  IIB  [mlBpriiil  tor  Spiropleni  brmitubH- 

ISK:  .Oxi/iplnira  brevltubHlata  (Uolln,  1860)  Stom[CH,  1897.  p.  121. 

Seactpic  MAdMoaiB. — Oxyapirura;  Body  fliiforui,  (jradually  atteiiuatt^  anteriorly 
with  truncated  apex;  two  lateral  i^^rviml  Kpines  directed  backward.  Outktula 
raised  from  the  body  between  the  head  and  cervical  iiapilUu  forming  a  bladder-like 
expanHioD  on  either  side."  Mouth  hesagonal,  without  lips,  surrounded  by  two 
lateral  and  four  siibmedian  papillie. 

ifalr:  15  iiini.  long  by  0.3  mm.  thick.  Tail  coiled  in  two  tumn,  Hhort,  abruptly 
subulate,  with  acute  point.  Bun<a  abaent;  four  pairs  preaiial  ami  (?)  ei):ht  i>tuni 
jHistaiial  [lapillu;.  SptciilcH  two,  unequal;  riKht  spicule  short  and  thick;  left  spicule 
fltiforiii  and  twice  aa  lonj;  aa  the  right. 

Female:  21  mm.  long  by  0.5  mm.  thick.  Tail  short,  aulnilate,  with  acute  jx>int. 
Anu8  reuiotu  from  caudal  lip.  Vulva  very  prominent,  a  xhort  distance  anterior  of 
the  anuK. 

llABiT.tT, — SrU  filriivipilla  [^Brazilian  wreechowl,  OtiaclioUlia];  underiiictitating 
membrane;  Brazil  (Molin,  I860). 

Type  hpkcimk.xs.— In  Vienna  Mtweum. 


This  speciea  i.i  based  on  si>ecimen.>j  of  two  males  and  one  female, 
badly  presented  and  opa(|ui',  collected  by  Natterer  in  lSi(>  (Molin, 
ISUO,  p.  9tiO).     The  original   material   was   redescribed  by  Diuwlie 

(ISSia). 

Oki'mi'irik*  (EniAUiiTKHA  (MoLiN,  1860)  ST-tf»icn,  1897. 


I960:  Splrf-iilera  fq>l,iaaplna  Molin,  isao.  pp.  9M-9ft7,  9W,  SB7— DiiwiNO.  IWU,  p.  nsfi  [u  iij-nonym  ol 
iTirilm'pirurn  oji*n/oji(mi].— LlNsTciw,  1S7M,  pp.  7S,  »7.— IliKM,  1KH9,  p.  30,— l)B«eciii,  I(W1«, 
"■p.  113  [HHKynoiiyni  of  (7i'i(w7n'rarn  rrjJin/niilmi],— htiwhich,  1897,  p.  124  [an  sruonym  o(  Oiyt- 
yinira  rrphiOoillera] . 
1S60:  .''jiimj.frni  moiri'i;!  brniiffrnfli  M<iLIH,  1860,  p.  9S7  [u  Kynon>-iii  olS.  njiAabtpffrRj. 
IS60:  Svlri'i-trra  orioll  N.  012  Molin,  IHGO.  p.  957  [hs  nynonym  of  .S.  rfplu^pfn] . 
1861:  OufUonplrura  ceplialiipl'cra  (Molln,  1880)  Diestno,  lS61a.  p.  086.- Dkawhe,  1884a,  p.  X\-^  pi.  11, 

(ig. 'i2.p1.  U,  ftg.  17.-SToaaiCH,  181tT,  p.  IM  [an  sj-noiiym  of  Oj^njitVum  rfpAotojifcTol . 
1897:  arytpimra  cnthaluplera  (Molln.  1860)  Srtnsicii,  1897,  pp.  1:24-125, 145, 147. 

Specific    iHAGNOsTti.^Ojr/i^Mrurn.-    Body  gradually   attenuated   anteriorly,    with 
rounded  ajiex;  tail  awl-shajied,  drawn  out  into  a  elender  a<:ute  iKiiiit.      Cuticula 

oDraw^he  (1884a,  p.  202),  who  examined  Molin'H  original  material,  failed  to  find 
the  four  iiienibianous  alic  on  the  head  mentioned  by  the  latter  author. 
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densely  striated  transveraety.    Head  with  membranouB  al»  dilated  and  rounded  ante- 
riorly.   Mouth  hexagonal  surrounded  by  a  menil>nuious  border,  and  two  lateral  and 
four  enbmedisn  papillie.     LitD6  abeent.o 
Male:  13  to  16  mm.  long  by  0.2  mm.  thiuk.    Tail  coiled  twice.    Bursa  abeent; 
seven  pairs  preanal  and  sii  pairs  postaiml  papillffi,  the 
tatter  more  or  less  inconstant  and  asymmetrical.     Spicules 
two,  unequal;  right  spicule  short,  thick,  navicular,  with 
blunt  rounded  tip;  leCtspicule  filiform,  pointed,  alate,  five 
limeH  as  long  as  the  right. 

fhnaU:  10  to  13  mm.  long  by  0.3  mm.  thick.  Anns  re- 
mote from  tip  of  tail.  Position  of  vulva  not  determined. 
Habitat. — .Vtmtotiui  bratUienat  [  =  motniot,  Jfomotui 
oniota];  under  nictitating  mtmbrane;  Brazil  (Molin, 
160).— Orftnge-l)afkeii  troupial,  Iclervx  eroconotut;  under 
wwr^iirawne.  i»™,  pi.  u,      nictitating  membrane;  Brazil  (Molin,  1860). 

Type  ePBCiuBna. — In  Vienna  Museum. 
The  original  description  (Molin,  1860,  pp.  956-957)  is  ba.>jed  on  three 
males  well  preserved,  and  eight  female.s  badly  prescn'ed,  collected  by 
Natterer  from  Moniotus  hr<Miliensig  in   1834,  and  two 
males  well  preserved  and  a  fragment  collected  by  Nat- 
terer  from  Icirfva  crocmiotiui  in   1824,     The  original 
material  was  reexamined  by  Dra.Hche  (1884a). 

[7  OxvspiRniiA]  HKiaRocMTA  (Molin,  1860)  Ransom,  1904. 


Fio.   \i.—OxytptmTa  ceplal- 
hend.    x470.   (IlnlnesrJel.; 


ISeO:  Spinplfra  krlmtclila  Mai.ii'.ieeo.  pp.  »H-»IA.  89'/.— PrxuNQ,  1H61b.  p.  677.— 

LCNKTOW,  1S7H.  p.  124.— STOSBIPH,  1897,  pp.  116,  1». 
1S60:  Splmpttra  croflt  Molin,  1860.  p.  »M  [aa  synonjm  of  5.  Meroetlta:  not  .1. 

cracii  N.  of  Uolln.ixea,  p.  983.  as  synonym  uf  .S.  ImuieiauUi]. 
1304:  [7  OnDtpinira]  tidcrodUa  |Mo11n,  1860)  Ramsom,  I904,  p.  14. 

Spbctpic  DiAONOflia. — ?  Oxytpirurn:  Body  attenuated  anierioriy 
with  truncated  apex.  Ciiticula  finely  striated  Iransvcrst'ly.  Mouth 
orbicular,  largo,  without  lips. 

Malt:  12  mm.  long  by  0.3  mm.  thick.  Head  without  mem- 
branes. Tail  awl-xhaped,  sharply  pointe<l,  curved  into  a  hook, 
withoutbursal  nienibranea.  Two  pairs  [xmlanal  papillte.  Spicules 
two,  unequal;  short  spicule  thick  with  curved  point;  long  spicule 
filiform,  iialf  as  long  aa  IxMly. 

Feiiuile:  15  mm.  long  by  0.4  mm.  thick.  Head  with  four  short, 
semilunar  membranes,  arranged  in  the  tomiot  a  cross.  Tail  grad-  ''"'■  is.— anwjrf- 
ually  attenuated,  awl-shaped,  with  obtuse  apes.  Anus  remote  pv^^  (T^ 
from  tip.     Position  of  vulva  not  detennineii,  n,ai  e,      x  120. 

HABrrAT, — Crajc  nTiimulum    [=urumutH,  SiAhucrax  urKmvlv.m];         (Halnea    dd., 
under  nictitating  membrane;  Brauil  (Molin,  I860).  alier  Dtaiche, 

TvPE  SPECIMENS. —In  Vienna  Museum.  I^"'  P'-  ^*-  "*• 

Thi.s  species  is  based  on  one  male  and  one  female, 
well  preserved,  collected  by  Natterer  in  1834  (Molin,  1860,  p.  945). 
So  far  a-s  may  be  determined  from  Molin's  incomplete  description  this 
species  seems  to  belong  in  O-rysplrura. 

"According  to  Drasche  (1884a,  p.  212);  but  Molin  (1860,  p.  H56)  raeutions-two  large 
rounded  lips. 
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MAN90N  8   EYE   WOKM   OF   OHICKKMS. 
OxvsFiBuBA  Mansoni  (Cobbold,  1S79)  Ransoh,  1904. 


ISK:  Filaiia  Xannmt  CobbolC,  ISTVb.  pp.  440-411  [nol  FOaria  Marmmi  Huber,  1886,  pp.  604,  620,  Tued 
u  ■ynonym  at  F.  mmguiaU  homlnit  *nd  o(  TrieMna  eyillea  SiiUibury-— SlKO".  ISBT,  p.  97, 
mplea  Huber,  1S86,  p,  e04).— luEV,  iseok,  p.  lai.— MaoIlhabi.  ISK8,  pp.  5-12,  flgn.  1-6.— Idem 
1895.  pp.  241-244.— Nkcman!',  1S8K,  p.  648— IDKH.  1892  IF^neh  ed.),  p.  736.— Idim,  1892  [Eng., 
ed.],  p.  TW,— Lisirrtiw.  1(B9,  p.  46.— Rai[.L(i!T,  18B3,  p.  US.— 9T0mcH,  1897,  pp.  86,  149.— 
QsooK\m.  IWSa,  p.  4;.— IDEH,  ISOSb.  p.  90  [&s  Bynonym  nl  .'^rOTifCTii  Mmttaai]. 

ivn:  ^roptetaEmmeratiExKiKrx&KtaftH.lWle^.  pp.  933-936,  flg^  A-E. 

1908:  tipiroptera  Mantani  (Cobbold,  1S79J  Oedoilht,  1903,  pp.  90,  lOS. 

1908;  SpiTnplera  Eiamrrai  (Emmerei  &  M^KDln,  1901)  GlimiuiT.  I90S,  p.  46.— IDU,  1903*.  p.  90  \a 
aynonym  ol  Spirojilera  Mantont] . 

1904:  ftjK«p(niroJfa7i«ln£  (Cobbold,  18791  Rinboh.  1904.  pp,7-20,  2.^. 

Specific  diaonosib. — Oxyspintra:  Body  attenuated  at  both  ends,  anterior  end 
rounded,  poBteriorend  pointed.  Cnticula  smootli.  Membmnoae  appendages  absent 
in  both  sexes.  A  pair  of  emalt  cervical  papillie  350  to  400  fi  from  anterior  end,  and 
a  pur  of  small  papillie  near  tip  of  t&il  in  both  sexes.  Mouth  circular,  surrounded 
by  a  aix-lobed  chitinotiB  ring;  two  lateral  and  foursubmedian  papillie  in  relation  with 
the  clefts  between  the  lobes  of  ring;  four  sublateral  .papilte  slightly  more  posterior. 
Excretory  pore  in  ventral  line  at  about  the  level  of  cervical  papilUe.  Nerve  ring 
between  excretory  pore  and  anterior  end  of  l>ody,  about  250  m  from  latter.  Pharynx 
40  to  60  /(  long;  the  shorter,  wider,  anterior  portion,  15  to  25  /i  long  by  25  to  30  ^ 
wide,  separated  by  a  slight  constriction  from  the  longer  narrower  posterior  portion, 
^  to  30  /I  long  by  20  to  25  /I  wide.  Esophagus  club-shaped,  about  1.6  mm.  long. 
Intestine  almost  sti^ght 

Male;  10  to  16  mm.  long  by  0.35  mm.  thick.  Tail  curved  ventrally.  Bnreal  mem- 
branes lacking.  Cloacal  opening  320  to  400  m  from  tip  of  tidl.  Two  pure  postanal 
and  four  pairs  preanal  papillue.  Spicules  two,  nnequal;  one  long  and  slender,  3  to 
3.5  mm.  long  by  8  to  10  ;<  in  diameter;  the  other  short  and  thick,  200  to  220  /i  long 
by  30  /<  in  diameter. 

Femoie:  12  lu  18  mm.  long  by  0.43  thick.  Anus  400  to  530  ^  from  Up  of  tail. 
Vulva  in  posterior  part  of  body,  I  to  1.4  mm.  from  tip  of  tail.  Uterus  and  ovary 
double:  vi^na  measures  1.5  to  2  mm.  long.  Egge  oval,  60  by  40  ^  to  66  by  46  ^  in 
diamet«r. 

LiFB  HISTORY.— Unknown.  Embryos  haltb  in  two  or  three  days  after  eggs  are 
depowted,  measure  226  to  250  ft  in  length  by  12  ft  in  thickness,  with  esophagus  60  fi 
long. 

Habitat. — Chicken,  Oalliu  dome»tieu»;  under  nictitating  membrane;  Amoy, 
China  (Cobbold,  lS79b);  Rio  de  Janeiro,  Brazil  (Magalhftes,  1888};  Mauritius 
(Emmerez  &.  M^gnin,  1901a);  I.Aughknds,  Jamaica,  and  Key  West,  Fla.  (Ransom, 
1904). — Peafowl,  Para  mrtnhi*;  under  nictitating  membrane;  lUode  Janeiro,  Brazil 
(Magalhies,  188S). 

Type  spEcrHBNS. — [?].  Above  diagnoms  based  on  B.  A.  I.  specimens  Nos.  3182 
and  3257. 

Thia  species  w  based  on  specimens  of  both  sexes  collected  by  Manson 
from  chickens  at  Amoy,  China  (Cobbold,  ia79b),  but  not  described 
except  as  to  length.  Specimens  collected  and  described  by  Ma^ihites 
(1888)  in  Brazil  from  chickens  and  peacock  have  been  compared 
(M^;alh3es,  1895)  with  specimens  collected  bj  Manson  and  found  to 
be  of  the  same  species  as  the  latter. 
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OXVHPIHIIRA    UPHTHALMR'A    (LlNSTDK,  190.1)    RaNSOM,  1904. 


ISOSi  aieil<npirura  opMlmlmiea  Linktow,  1903,  p.  Ill,  pi.  ^  flg«.  T-9. 
1«04:  Ofgipinra  opUhalmira  (LlnKtow,  IMS)  RlNSOM.  19M.  p.  M. 

Spbcific  iiiAiisoHis. — Orynp'iTurii:  Cuticula  finely  atriated  tnuuvereely.     Mouth 
surrounded   by   two    lateral   and    four  aubmeditui  papiilffi.      Pharynx    short   and 


FlG.17.— OiBipinn 
en<l  nr  mull-. 
(Halni'M  del.,  nl 


<i)Mhalmien.  Pnrterior 
!Mu  view.  KnlHiKFd. 
■t  Llntilow,  IKOS,  pi.  6, 


Fill,  18.— Orjf- 


IhrTHiifh  1^ 


19m.   pi.   &, 


widened  poeteriorly.  Empha- 
guB,  in  male  ,',.,,  Ih  fenial<-  ,'[, 
the  length  of  the  iKuly,  is  thick- 
ened behiixl  and  broatier  than 
the  lietiinning  of  the  intestine. 
Nervt!  ring  0.21  to  0.''2  mm. 
from  the  anterior  end.  Lateral 
fieldn  0.IH2  mm.  broad,  i.  e., 
about  ^f  the  eircuiii  fere  nee  of 
the  body;  each  contains  an  ex- 
cretory veiwel,   0.0028    mm.  in 

diameter,  visible  through  the  euticula.    Excretory  pore  in  ventral  line 
0.40  mm.  from  the  anterior  end  in  the  male,  0.44  mm.  in  the  female. 

Male:  14.4  mm.  long  by  0.;n  mm.  in  width.  The  ironiriil,  finely 
pointed  tail  equals  ..'j  'if  the  entire  l)ody  length.  The  two  unequal 
Bpiculef  measure  0.  IK  and  0.2!)  mm.  in  length.  One  pair  of  pn-anal 
papillie,  and  about  twenty-mi  pairs  of  p(»"tanftl  papilliB  decreasing  "B-"-) 
graduaJly  in  size  towani  the  anus  are  present.  Testicle  occupies  only 
about  the  posterior  ]  of  the  iHxIy. 

FfoHiU:  21  mm.  long  by  Q.h%  mm.  in  width.  Tail  conical,  cijual  in  length  to  j^  of 
the  entire  IwKly.  Uteri  oeeupy  the  posterior  *  of  the  bi>dy.  Vulva  near  jvosterior 
end,  <iividinB  the  Iwily  in  the  ratio  of  102  li)  fi.  Vagina  nina  anteriorly  from  vulva; 
0.4  mm.  from  the  latter  divi.lcH  into  two  uteri.  f^igH  thiik-shelled,  0.039  mm.  long 
by  0.028  mm.  liruad;  eleaviuje  takes  place  in  the  utenw. 

HABCTAT.^Indian  bnntanl-(|iiail,  Ti'rn'u:  iaigoor;  eye;  H^iam  (Linstow,  1903). 

Type  hpbcimenm. — ?  In  collection  l.intitow. 

This  species  is  Imscd  on  Hix-cimpna  received  from  A.  E.  Shipley  by 
Linsfow  (1903,  p.  111). 

LinMtow  <;lassiiied  tlie  species  under  discussion  in  the  genu^  Cheilo- 
spirurif,  evidently  hccauso  of  the  similarity  between  it  and  Oxyspirura 
cephaloptera  (—  Cheihinpirura  cepfuihiptern).  Such  an  arran^ment 
seems,  however,  entirely  untenable,  unless  it  l>e  also  held  that  cepktd- 
optera,  one  of  the  original  species  of  Oxyspirura,  is  the  type  species 


Hanson's  eye  worm  of  chickens.  27 

of  Ckeiloepinira,  with  which  genua  it  was  listed  by  Diesing.  In  the 
original  publication  of  the  genus,  Diesing  {1861a,  pp.  683-686),  without 
definitely  designating  a  type,  defines  tlie  group  aa  consisting  of  Sjii- 
ropterse  spue:  lyll^itbiatie  Molin,  and  includes  eight  spe«ies,  the  last  of 
which  in  the  list  is  a  ttpeeies  inqulrenda,  and  the  next  to  the  last 
cepJuiloptefd. 

Sinoe  the  chief  character  upon  which  Diesing  fouuded  the  genus  is 
the  presence  of  two  lips,  it  is  not  only  desirable  but  practitailly  impera- 
tive, other  things  being  equal,  to  confine  the  choice  of  a  type  to  such 
species  as  present  this  character.  Although  Molin  {I860)  mentions 
two  large  rounded  lips,  Drasche  {1884!i),  who  made  a  study  of  the 
material  upon  which  Molin  based  the  original  dcsciiption,  states  that 
the  s^inQ&ceplMloptera  is  without  lips.  Of  the  six  remaining  species, 
five  arc  characterized  by  the  possession  of  two  lips.  One  of  the  latter 
should  therefore  be  select^  as  type  rather  than  cephaloptera  which 
seems  to  be  without  lips. 

Unless  cephahptera  be  taken  as  type  of  Ch^il^jupirm'a^  which  has 
been  shown  to  be  virtually  out  of  the  question,  the  inclusion  of 
Oivyspmmi  in  CheiJonpinira  would  result  in 
grouping  together  forms  which,  according  to 
present  generally  accepted  ideas,  vary  too  widely 
to  rank  in  the  same  genus,  and  I  therefore  prefer 
to  recognize  two  distinct  genera.  The  species 
opht/ialmt'ca,  as  well  as  the  species  siamenMiH,  of 
Linstow,  I  have  accordingly  transferred  to  the 
genus  Oxyapirum. 

[70xraPiRURA]  papu.ijiha  (Mch.in,  1860)  Ransom,  IMM. 


ISaiH,  p.  195.  pi.  VI,  fig.  W;  pi.  1», 

flff.  7.— Rtohwck,  1K97,  pp.  95.  m. 

IMO:  Spir-nilcTitfaletmit  trjilnji-iilii  MOLIN. 

papUtiiMt]. 
IXBO:  flplroptira    faltiiuit     paeinl    nallt 
Fl.i.  19.— [?Oj'(/,';,ir«rn]  pa-  MOLIN.  \t«a,  p.  930  (hi  njriioiiym 

|)W'"fi.    Aiilprior  vli-w  of  at  S.  /xipWom]. 

tiead.      X   2M.      (fldinrn      IXOO:  .''plmiil- ra  /almnit  MtiUK,  1860.  p. 
del.,  nrii-r  Urnmlit.  DWIa.  930:  fi.Jalamit  K.lffS  Molin.  mo. 

pi.  li.  Kg.  20.)  p. 930  [iiH  aynonymii  of  .^■.  jmj.iV- 

lowi.*    not  S.  JalcanlA   Kii<lol|>nl. 
1819.  pp.  2*.  25t-2M:  not  S.  filrmU  N.  69*1.  H.  /alivniii  N.  11  Molin, 
Ditphamgut  Ttrtiiii  Mnllii]. 
1904:  l?Orii»piruTa]  papiUma  (MoIId,  ISCO)  Ranhiu,  19M,  p.  £T. 

Spbcific  DiAflsosis. — lOxyipiruro:  Anterior  enii  of  Ixxiy  abruptly  alteiiuatral  with 
very  obtuse  roun<icd  apex.  Surtaci?  of  body  crenateil  with  denso  cuticular  annu- 
UtlonH.     Neck  armed  with  rows  of  very  <IeHcat«  spines  direct^  backward,  each  row 
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correspoDdiog  to  ft  cuticular  ring.    Mouth  lai^,  orbicular,  with  tumid  border.    Lips 
absent;  two  lateral  and  four  aubmedian  head  papilla. 

Male;  8  to  20  mm.  long  by  0.3  mm.  thick.  Tul  of  male  more  attenuated  than 
anterior  end,  with  very  obtuse  rounded  tip,  only  Hiightly  curved;  four  pairv  of  small 
preanal  papillie  eituuted  far  forward  (according  to  Molin,  eeven  pairs  of  preanal 
papillte)  and  two  paira  of  postanal  papillee.  Spicules  two,  unequal;  right  spicule 
very  short  and  broad  with  blunt  point;  left  spicule  six  times  as  long  aa  the  right, 
slender,  filiform,  alate, 

FimaU:  15  to  26  mm.  long  by  0.3  to  0.5  mm.  thick.  Tail  gradually  attenuateil 
with  rounded  obtuse  tip.  Anus  remote  from  caudal  tip,  prominent,  with  bilabiate 
tumid  border.    Vulva  in  anterior  part  of  body  not  far  posterior  of  the  mouth. 

Habitat. — Falco  degtmctor  [  =  harpy  eagle,  Thrametxa  Aorpjia];  under niclilaling 
membrane;  Brazil  (Molin,  1860). — FaJco  gracila\_=fx&y  crane  hawk,  Germtorpiziat 
can'uIar.nM];  under  nictitating  membrane;  Brazil  (Molin,  1860). 
Type  bpbcivenb. — In  Vienna  Museum. 

This  species  is  based  on  specimens  described  by  Molin  (1860,  p.  930) 
and  reexamined  by  Drasche  (ISHia,  p.  li)5).  Of  these,  5  females  were 
collected  by  Natterer  in  1833,  6  females  ii^  1834,  and  8  males  and  12 
females  in  1833,  all  from  Falco  d-t-Mnicii/r,  and  a  males  and  1  female 
in  1826  from  Falco  gracilw.  The  characters  given  agree  in  the  main 
with  those  typical  of  Oj-yajn- 
riira,  and  the  species  may  be 
referred  provisionally  to  that 
genus. 


n  BlBLTOORAFHV. 

190a:  OifUo-pinra  tiamnuii  Lirarow.  1933.  y. 
112.  pi.  Ij,  fig,  10. 

Specipichiaokohih. — OxytpiTvra  .■  Cut- 
icula  very  finely  striated  transversely. 
Pharynx  small.     Esophagus,  in  male 
,',,   '"  female  Vii  of  the  entire  body 
length,  is  widene<l  l)ehinil  to  a  diameter 
somewhat  greater  than  that  of  the  in- 
testine.    Nerve  ring  situated  iVir.  ex- 
cretory pore  yViT'  of  ^^'^  length  of  the 
esophiyfUB  from  the  anterior  end  of  the 
body.     Posterior  portion  of  esophf^fus 
separateil  from  remainder  by  a  con- 
striction.   Tail  conical.    Sexual  organs  lie  in  posterior  half  of  Iwiiy  in  l)oth  sexes. 
Male:  8.9  mm.  long  by  0.26  mm.  broad.     Tail,  curved  ventrally,  equals  i',  of  the 
entire  body  length.     Two  unequal  spicules  0.47  and  0.25  mm.  long.     About  twenty- 
ei^ht  pairs  preanal  papillie  becoming  gradually  Bmalter  anteriorly. 

FeinaU:  9.8  mm.  long  by  0.46  mm.  broad.  Tail  eiiuals  ,'-of  the  entire  body  length. 
Vulva  opens  a  short  distance  anterior  of  anus,  O.HL'  nim.  from  tip  of  tail.  Vapna 
runs  anteriorly  from  vulvft  and  0.26  mm.  from  latter  divides  into  two  uteri. 

Habitat. — Cenlropwi    giamfmU    [  =  lndian    ground    cuckoo,    Ceniropus    xinams]; 
probably  from  the  eye;  Siam  (Linstow,  1903). 
Typb  sFBCiHBNS. — 7  In  collection  Linstow. 


w.    Enlarged. 

(H>ln«<del.,alt 

Pl.  6,  fig.  10.) 

^j  By  Google 
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This  species  is  based  on  specimens  received  bj  Linstow  (1903)  from 
A.  E.  Shipley.  I  have  placed  this  species  in  Oxi/Mfirura  for  reasons 
given  in  the  discussion  of  0;ey»pirura  ophthalmiea  (see  p.  26). 

(RuiMLPHi,  1819)  Ranboh,  1904. 


ipiTnytrra  hL 


irn  RtiDoi.rHT,  1819.  pp.  23.  237,  NA.— WimitriiB.  1821.  p.  M.— Raver.  IMS.  p, 

WV».  p.  24fi.— nujAKDlN,  IMEift,  pp.  fiS,  flS.— UlISIN  i,  IWila.  p.  Mi—IUEM,  IgftU. 

p.  S7g.~-Ui)L.iN.  ISGO.  pp.  %T,  999.— Schneider.  18M,  pp.  Tf*,  108  |wi  probably  beloneins  In 
.Qraiofpfro).— LiSBTow.  187H.  p,  US.— arosaicn,  ISW,  p.  lia.— Idem,  1897.  pp.  119-120. 112. 
1004:  [T  On«]rf™ral  (femira  (Rudolphl,  ISIB)  Rakbom,  1904,  p.  M. 

Specific  diaunuhis. — ?  Oxi/ipimra:  Bo(]y  alightly  curved,  thick,  attenuated  ante- 
riorly with  truncated  apex.  Cuticula  annulated  with  nnmerouB  email  cauipannliform 
folds.    Head  without  membranous  appendages.    Mouth  orbicular  without  lips. 

if'ik:  12  to  15  mm.  long  hy  O.fl  mm.  thick.  Tail  coiled  once  spirally,  without 
burKil  mctiihrttiiefl.  Tip  extended  into  a  ehort  appendage  with  knob-like  end. 
Hpicules  two,  imei|ual;  short  spicule,  styloid  with  very  acute  point;  long  spicule, 
filiform.     More  than  four  pairs  of  prcanal  papilla;  (Schneider,  1866,  p.  108). 

Female:  12  to  17  mm.  long  by  1  mm.  thick;  2  lateral  cervical  spino'.  Tail  acutely 
conical,  tip  prolonged  into  a  styloid  appendage,  with  rounded  knob-like  extremity. 
AuuH  at  baw!  of  appendage.     (?)  Vuh-a  in  anterior  part  of  body. 

Habitat, — F^iko  tuevius  l^Aquila  n.ma  =  Bpotted  eagle,  AqiaJa  nnwi&ifei];  under 
nictitating  membrane  and  in  auditory  meatus;  Vienna  (Ku- 
dolphi,  1819J;  orbit;  Croatia  (Stossich,  1889). 

TvPK  spBciMBNB. — 7  In  Berlin  or  Vienna  Museum. 

Thi.s  species  is  baaed  on  1  male  and  1  female 
specimen  from  the  collection  of  the  Vienna  Mu- 
BGiim  (Rudolphi,  18l!>,  p.  237).  Specimens  of  2 
male.s  and  4  females  in  the  same  collection  were 
examined  by  Molin  (1860,  p.  967)  and  Rudolphi'a 
original  description  added  to.  The  rharacters 
given  seem  to  warrant  a  provisional  classitication 
in  the  genus  Oxysplrura. 


OxYBPIRttRA   BVOMOlDBA    (MoLIN,  1860)    STOtMCH,  1897. 

(ng.22.) 

\     / 

SYNONVHY   *ND  BiBLlOORAPHT. 

\    / 

\  / 

\  / 

\/ 

V 

p.  67«.— nHASCHE,    IBMa,    pp,    194,   21S,   pi.   13,    tiff.   ».— STOtBICH, 

V 

1897.  p.  I2.'i  [as  lynonym  ot  fljirtptnira  tygmoidta.]. 

Flo,  Zi.—Oisipirum  i^g- 

motdea.    Posterior  ei»i 

$vgmoiiea\.^li,ai.  1889,  p.  88. 

olmgle.  X  120.  (H^nes 

1879:  KlortaonOiu™  Liiwrow,  1S7»,  p.  100  [not  Filaria  an(fti£rfi(Rud,) 

rtel,.    otter     Droeclie, 

Schneider,  18118.  p.  »]. 

ISMa,  pi.  IS,  flg.  3.) 

Sfecicic  diagnosis. — Oxy»pi-nira:  Body  sygmoidal,  attenuated  at  both  ends, 
truncated  anteriorly,  slemter  and  acutely  pointc<l  posteriorly.  Cuticula  finely 
striated  transversely.  Mouth  large,  orbicular,  without  lips;  four  submedian  head- 
papillK. 
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ISID:  FOaria  mUaeOlarum  RiTDOLPBi.  18U,  p.  f  (w  doubUul  Kpecl«  and  pcadble  sriioiiriu  of  ^.  Imt- 
domm;  no  deicription:  (pacimeoi  notaeen  by  Rudalpht;  nbdacien  a[  IfoluffUa  rriAcruto  luad 
of  MotaeiBacmajMi;;  about  the  ean.ebeeka.  and  aeck:  ol  JVobu-iUa  pAUomrla].— DiraiNO,  I8ftl>, 
p.  3C§  [Ic  part,  eicltwive  of  ipedmeiu  from  Sj/tvia  jihUomela:  u  gytianym  ot  ^.  abbre- 
vJoCa).— IIOLIH,  IBtS,  p.  >»T  [lolloWB  Diolng,  USIa].— SronicH.  IWT,  p.  57  [a«  Bynocym  of  i^. 
abbreutaiai. 

181>:  ^ICoHa  motaeiOie  Rudolphi,  U19,  pp.  635-036  [«<  doabtful  apecles  and  s>-noDym  of  i'.  motacO- 
tanim;  abdomen  of  Ifmrtrapa  N.  144,  Braril],— Dimikq.  ISSla.p.  208  [m ■ynon>in  of  f .  at*«- 
vlofa].— HoUN,  1B68,  p.  («T  [asuyiioiiym  of  F.  iMrreviata[.- 


1««I:  ^^froptempUlonHbE  DiraiNO.  lUla,  p.  V&.  — Linrtow,  ISTK.  pp.  87.  VZ. 
1888:  .niarJaatm'iabiMAaAl.IiIn.iam,  p.  11  \ialMpAai  lor  FUaria  <MtTcviata\. 

1807:  .Hlarid  pAltoncljc  DiESiNOof  SroeucH,  1897,  p.  G7  [error  lac  Spiroplera  j/AWmdie:  aa  syDodyni  of 
F.abbmiala]. 

Specific  diaonohiii. — PUaria:  Bcidye1ongat«d,arme<3withdeci<JuoaBspinenarraiiged 
in  ton^tndinal  eeries;  anterior  en tremity  abmptly  attcnnated,  truncated;  posterior 
extremity  thicker.  Mouth  without  papiilip;  infundibuliform  pharynx  supplied  wil^ 
six  tooth-like  organs,  three  on  the  doi^al  and  three  on  the  inferior  surface. 

Malf;  12  to  35  mm.  long  by  0.5  mm.  thick.  Caudal  extremity  carv(;d,  truncated. 
Spicules  two,  unetjual;  short  spicule  ensiform;  long  spicule  twisted  spirally. 

Femait:  30  to  50  mm.  long  by  0.5  to  1  mm.  thick.  Caudal  extremity  straight, 
obtuse. 

Habitat, — Molacilla  elapatina  [=Ru8eet  wheatear,  Saxicola  ru/o];  orbital  cavity; 
T Europe  (Rudolphi,  IHltl}. — MoUwUla  mdanocephala  [=&anliniaii  warbler,  JfiiJizopJi- 
UuM  melanocephalua);  abdomen;  7Europe  (Dieaing,  1851a). — Sytma  rubecula  [=robiii 
redbreast,  &i%KTi»  mbecidn];  abdomen;  7  Europe  (Diesing,  1851a). — Sfumu*  pyr- 
rhocephaiut  [=:scarlet- headed  marsh  bird,  Amblyr/inmphiis  koloserkexts);  abdomeD; 
Br&iil  (Holin,  185%).— Thryolkonu  polj/gldtut  [=Brazilian  short-billed  marsh  wren, 
dtlolhonu  polygloUuty,  abdomen;  Brazil  (Molin,  1858]. — Tatiaip-a  jacapa  [=^Jacapia 
tanager,  Ramphocelut  jacnpa\;  kidney;  Brazil  (Molin,  1858). — Ked  oven  bird,  Fur- 
wxrwxnifut;  abdomen  and  kidneys;  Brazil  (Molin,  1858). — Pale-footed  oven  bird, 
Farnariug  leucopwi;  abdomen;  Brazil  (Molin,  1858). 

In  the  following  hosts  parasites  have  beea  found  which  have  boen  identified 
provisionally  as  FUaria  abbrevUda:  White  wagtail,  MolacUia  alba;  thoracic  cavity; 
Europe  (Walter,  1866).— Fieldfare,  Turiliii  pilarii,-  aixiomeii;  ?  Europe  (Kudolphi, 
I8I9).— Mistletoe  thrush,  HirrfiwcpwdtwiM,- abdomen;  ?  Europe  (Rudolphi,  1819).— 
Motacitta  rubecula  [=robin  redbreast,  Erilhara*  rufienilay,  abdomen;  7 Europe 
(Rudolpbi  1819). — Motacdla  isiiarUht  [—wheatear,  Soxicola  <mimtht];  abdomen; 
?  Europe  (Rudolphi,  1816). — MotacUUi  phUomcla  [=thrush  nightingale,  Atdon  Iu#- 
cima\;  atibut  the  eais,  cheeks,  and  neck;  7 Europe  (Rudolphi,  1819), — Miacicapa  sp, 
[=probably  some  species  of  Tyranuidte]-,  abdomen;  Brazil  (Rudolphi,  1819). — ' 
Falcomaiiiu\^=«potU!de&g,\e,  AquUimaculaiay,  eyeeandnares;  7£urope  (Rudolphi, 
1810).-i-&Lricota  ep.;  body  cavity;  Turkestan  (Linstow,  1883). 

Typb  sfbcihbns. — ?  In  Berlin  Museum. 

The  above  dcscriptioQ  is  taken  from  that  given  by  Molin  (1858,  p. 
396).  Rudolphi's  (1819,  p.  210)  original  description  based  on  3  speci- 
mens, females,  from  the  orbit  of  Motacil/n  xtapazirm.,  gives  the  length 
88  16  to  18  mm.;  body  of  uniform  thickness;  head  .slender,  obtuse; 
mouth  orbicular;  tail  rounded;  intestine  of  uniform  thickness,  dark 
yellow  in  color.  A  few  remarks  are  made  also  concerning  the  female 
organs,  but  no  distinctive  characters  are  given, 

Rudolpbi  (1819,  p.  555)  also  describes  briefly  some  worms  from  the 
collection  of  the  Vienna  Museum,  said  to  have  been  taken  from  the  ears 
and  around  the  eyes  of  Falco  nseviua.     These  worms  were  apparently 
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of  the  same  species  as  those  from  Motacilla  atapazirui.  It  seemed, 
however,  doubtful  to  Rudolphi  that  birds  so  different  should  harbor 
the  same  species  of  parasite,  and  he  therefore  iaclined  to  the  belief 
that  some  error  had  been  made  in  the  identification  of  the  oae  or  the 
other  host.  He  places  the  worms  from  J<alco  nsevitts  in  his  list  of 
doubtful  forms.  Subsequent  authors  have,  however,  generally  included 
them  with  F'darm  ahh-eviata.  There  were  a  number  of  males  present, 
measuring  12  to  14  mm.  in  length,  with  a  tail  coiled  once  spirally, 
terminating  in  a  very  short  point;  spicule  recurved.  The  females 
had  a  tail  with  a  very  short  depressed  tip, 

[7P'lt.ARIA]  ABHATA    GbHCRRIDT,  1S33. 
SVNONyMy  AND  BlBUOaRAPHT. 
ISSS:  FOarta  armiUa  Gtacstzm.  WSSn.  pp.  *t2-i**,  44S.— Idu  |1834a,  p.  BA].— RatiB,  IStl,  pp.  1<I>- 
IM.  US,  119  [Incliidea  (ranalatlOD  o[  Oescheldl,  leSSa.  pp.  442-144].— CmrLiH,  1S46b.  pp.  ISO, 
IBS.  172.— nifWKQ,  186U,  p.  275.— Inr.d.  ISUla,  p.  703  — Mouin,  JR68.  pp.  404,  448.— Leockabt, 
lS7«,r.  a.  Lief.  S,  p.  827.— LiMtiow,  187H,  p.  112.— SrtuwcH,  1897,  pp.  80, 140. 

Specific  DiAaNoais. — ?PilaTia:  ^da  ingulrmda. 

Male:  Unknown. 

Female;  Body  7  mm.  long  by  1  mm.  thick,  slightly  broader  at  the  tail.  Head  with 
four  nodular  spines.    Tail  obtuse,  rounded,  with  short,  blunt  mucronate  tip. 

Habitat. — Falco  lagoput  [= rough- legged  hawk,  Archibuleo  lagoput];  vitreous  body 
of  eye;  ?Europe  (Gesoheidt,  1833a). 

Type  spbcimens. — The  single  specimen  on  which  the  species  is  baaed  b  probably 
not  in  existence. 

7FILABIA   AITBNU.iTA    RuDOLPHI,  1802, 

Linstow  (1879,  p.  315),  in  a  list  of  parasites  collected  by  Doctor  von 
Hering,  Stuttgart,  mentions  a  worm  from  the  eyes  of  the  black  crow, 
Corvus  curoTie,  considered  possibly  identical  with  Fllaria  attenvMa. 
The  specimens  were  very  poorly  preserved. 

To  this  species  Shipley  (1903,  p.  (!05)  also  refers  provisionally  a 
roundworm  collected  by  Hawker  in  the  Soudan  from  the  orbit  of  an 
eagle  owl  {Buho  sp.).  The  species  named,  however,  can  scarcely  come 
into  consideration  in  this  connection. 

The  original  F'daria  attenuata  Rudolphi,  1802,  came  from  crows, 
and  though  later  Rudolphi  assigned  worms  from  hawks  and  falcons  to 
the  same  species,  Molin  (1858,  pp.  375-376,  39-^395)  has  shown  that 
the  latter  are  a  distinctly  different  species  from  the  former,  and  that 
F.  attenuata  probably  does  not  occur  in  the  latter  group  of  birds. 

[?FiLABIA]  BONABlJt  Kayer,  1843. 

BrHOHYVV   ANI 


VSet.  HJOrloap.  Nordmamn,  ISK,  pp.  16-17.— Obscbbiiit.  IgSSa,  p.  4^.— Goblt,  lM6(t,  p.  IGB.— Cbbp- 

LIH.  IMeb,  p.  175. 
1843:  POaHa  bonatix  Rayir,  184S.  p.  149.— Ddjabdih.  l»45a,  p.  5B.— Diraiuo,  ISSla,  p.  282.— Molih, 

1B5B,  pp.  426,  442.— LlNBTOW,  1S7S.  p.  120.— Stobbich.  18117,  pp.  62,  149. 
ISftl:  FOoHa  tttmrnu  bonailx  Dieuno.  USla,  p.  282  [u  sfoonrm  of  IVaria  bmorta].— UouH,  18W, 

p.  4!e  [OE  ■ynonym  of  F.  bonaiia\. 
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BUREAU    OF   ANIMAL   INDUSTRY. 


Beecatc DtAONOeta. — 7  FUaria:  ^lecU* inquirenda.    Length  10  tol^mm. ; colorwhite. 
Habitat. — Telmo  bonaaa  [=hazel  hen,   Tetratitt  botuuia];  posterior  chamber  of 
eye;  Gulf  of  Finland  (Nordmann,  1632). 
1  TvpK  apBciMRNB. — E^bably  not  in  exiatence. 

I  Reported  but  once;  b  single  specimen  collected. 

V  [?  Pilabia]  campanulata  Mouh,  1858. 

1  (Flgl.  26-28.) 

EYNONIIIY  and  BlBLlOOBAFHT.  l 


Flo.  M.—[lFila- 
Tia]  caapanu- 
UUa.  Femftle. 
Nacural  alie. 
(MalDea  del., 
after  Uolln, 
1858,  pi.  2,  flg. 


18&S:  FilaHa  nmipanitlaM  MouN,  1858,  pp.  802-S93,  148. 
pt.  2,  Oga.  b-l.—Dimso,  1861a,  p.  702.— LlN- 
BTOW,  187S,  p.  116.— STtKMCH,  1897,  pp.  63,  111. 
ISfiS:  FUarla/alamii  magntroilrli  ilOLlK ,im,  p.  S82  [u 
■ynonym  o(  F.  eantpanuhla] . 
Spbcific  DiAONOBia. — 7  ^iorirt.' 
Male:  Unknown, 
n.  long  by  0.5  mm.  thick.    Anterior  extremity 
ofbody  attenuated,  obtuse.    Suriaeeof  body 
annulated;  annulatione  campanifonn,  imbri- 
cated.   Tail  neariy  straight,  pointed.    Vulva 
in  anterior  portion  of  body. 

Habitat, — Falco  magnvrotlrU  [=large- 
bitled  hawk,  Ryipomia  magiarodrit];  under 
.nictitatingmembrane;  Brazil  (Mohn,185S). 
TvPB  8FEC1HBK3. — In  Vienna  Mueeum. 
This  species  is  based  upon  a  single 
specimen  collected  by  Nattercr  in 
Brazil,  and  was  placed  in  the  genus 
Filarm  by  Molin  (1858,  p.  893)  on 
account  of  the  position  of  the  vulva. 


D  BiBUOOBAPHV. 


Bpecipic  DiAONOSiB. — Filaiio :  Bodycylin- 
drii:al,  nearly  equal,  cephalic  end  conical, 
rounded  truncate,  smooth;  mouth  a  minut« 
funnel- like  orifice  without  papillie  or  in- 
ternal armature. 

MaU:  10  mm.  long  by  0.375  mm,  thick. 
Caudal  end  cloHely  rolled  inward,  conical, 
blunt,  withoutalffi  or  papilla;  penal  apiculfe 
strongly  curved,  with  the  points  projecting 


trs. 


FiO,  Z7.— [Tfttirto] 
njmponii^ala.    An- 

Toale.  Entusnd. 
(Haljiei  del..  Bfter 
Molln.  1888.  pi.  3, 


from   the  prominent  genital  aperture  situated    above   the  t^l 

Female:  16  mm.  long  by  0.5  mm.  thick.  Caudal  end  al^htly 
curved  or  nearly  straight,  conical,  obtusely  rounded,  witfaout 
appendages.     [Vutva  about  0.4  mm.  from  the  cephalic  end.] 

Habitat. — Qaarxdut  major  [=tx>Bt- tailed  grackle,  Megaqui»cid%t» 
major'];  orbit;  Florida (Leidy,  1886), 

In    Hetminthological    Collection,    U.  8.    National   Moaeum, 
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The  above  diagnosis  comprises  the  original  description  of  Leidy 
(1886)  which  was  based  upon  specimens  of  i  females  and  2  males. 
After  examining  the  original  material  I  am  able  to  add  one  item  to 
Leidy's  diagnosis,  namely,  the  position  of  the  vulva. 

[7  Filabia]  dindbocolaptib  proccrvi  lacrvualis  Mouh,  1858, 

SVNONYNT  AKD   BlBUOORlPHY. 

ISV<:  Ftlaria  denitnetilaiitU  procumi  liuTviFiani  Molin,  18S8.  pp.  tSt.  443. 

1«58:  FOaria  itmdrorolaptU  Mqlin,  1868,  p.  AH  [u  Bynonym  of  *'UaHa  dewirocBtaplU  pnxurvi  Ioctv 
nalli:  not  f,  daidroailaptu  UdUd,  IHNi.  p.  S»B=maria  ^tudrinmiam  Holln.  UfiS,  p.  S9B], 
ISTD^  FUariadendrocolaiiliprocaTTll.msTOVI,  1878,  p.  80. 
ISDT:  FOaria  dmdrocolaptiM  procsrci  BTdtaics,  18B7,  pp.  B7,  U7. 

Bpbcipic  diaqnobib. — 7  Fltaria;  Spedet  inquirenda.  Teumm.  loDgbyO.Smm.  thick. 
Anterior  extremity  of  body  pointed.  Surface  of  body  thickly  atrialed  traneversely. 
PoHterior  extremity  thickened,  curved.     Houth  without  lipe. 

Habitat. — Dendrocolapla  procurmu  [=curve-bill  woodhewer,  Xiphorhrpichui  pro- 
eurviuy,  eye;  Brazil  (Molin,  1858). 

Tvp>  ePBCiMBNS. — In  Vienna  Museum. 

This  form  is  listed  among  apecies  ijiquirendx  by  Molin  (1858,  p. 
425).  The  sex  of  the  single  specimen  examined  by  him  could  not  be 
determined. 

[7  Filaria]  uvotrsra  campanisoka  Molin,  1868, 

SYHOHYHY  ANP  BlBLIOOBlPEiy. 

18M:  FSaria  myoOirrx  campaniionm  UOLIH,  1«5S,  pp.  4Z6.4U.— LiNSTOV,  tSTS,  p.  SI.— Stosbich,  1^7, 
pp.  74.  144. 

1S6B:  Ftlaria  turdi  Molih,  IS.'ie.  p.  415  [u  eynonjrm  of  F,  myoUierm  campoJiaoatc:  not  F.  iHrdf  Uolln, 
1868,  p.  896,  aa  synonym  of  F.fUforaiU:  not  F.  turdl  Molin.  18M,  p.  428,  u  Bynonym  ot  F.  turU 
oHiiMvulii  (patprbTalu);  nol  F.  lurdi  n.  sp.  LIobIow,  1877,  pp.  17S-1J4]. 

Specific  diagnobib. — 7  fVima:  Spedet  iiufuirenda. 

Male:  Unknown. 

Female:  25  mm.  long  by  0.5  mm.  thick.  Anterior  end  of  body  attenuated,  poste- 
rior end  thickened. 

Habitat, — Myothera  campanUona  [=ahort- tailed  ant  thmah,  Chama-za  brevicavda]; 
eye;  Brazil  (Molm,  ISAH). 

Ttfb  BPECiMBKS.—In  Vienna  Museum. 

Only  a  single  opaque  specimen  of  thia  species  was  examined  by 
Molin  (1858). 

FiLAKIA   OHTUSO-CAtTDATA    RUDOLPKI,    1819. 


ItHCI:  FOaria  Mtuo-auidaia  RudolfhIi  181S.  p.  684  [not  FOaria  oAffUMUUdafli  Bohnelder,  U6S, 
p.  Ita— Gloria  SchaeideH  Stoadcb,  189T] .— Dojahdih,  1845a,  p.  5S.— Oublt,  1845&,  p.  SliO.— 
Cbiflih.  ISWb,  pp.  166,160,  lei,  172.— Diesihq,  1S6Ib,  p.ZTT.— Idem,  186Ia,  p.  710  [uiynooym 
of  Moaopelal<mema  obtiue-eatidatam], — MOLTN.  I8fi8,  pp.  418^14,  442,  44S,  44T.— LiHBTOW,  1BT8, 
pp.  74,  7(>.— IDIM,  1879.  pp.  SIS.  SZ7.— Pabona,  KS».  p.  762.  flg.  4.-eTOSBICH,  18f7,  pp.  37,  144, 
148,  I4g. 

1B19:  FOaria  coOurl/mii  mtoifaiua  Rin>OLFHT,  ISltl.  pp.  8,  217  [in  put;  under  skin  oF  Laniui  minor 
■nd  I,.)Minfranu>].— DmiHQ,  IS6lH,p.Z74  [usynoaymaf  >'. naduJaKi].— Uolih,  1!UI8,  p.  418 
[u  sysoDjim  ol  F.  oUuio-aiudala].— Dcjabpin,  18Ua,  p.  92  [la  parti.— PaboNi,  !8B9,  p.  7S2 
[uijnonyiD  ol  F.  Muto-eavdala], 

ISM:  FBaria  itodtiloia  Bddolfbi,  1820  of  StssiNa.  ueia,  pp.  274-275  [in  pail;  ondei  sl^n  of  Xanfut 
Hteor  and  L.  jiomeranut] .— MoLtN,  1868,  p.  413  [at  synonym  of  F.  obtuto-caadaia] .— DiiaiHO, 
1861a,  p.  710  [u  ajaonym  al  llonopetaUme<na  oUute-Ctmaatuml^PtMOHx,  1888,  p.  Tttt  [uiyii- 
onym  oi  J",  ol 
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F^  obliHo-caudata;  I 


1  F.  MnimO  Molln, 


p.  710.— StOMCH.  IS97,  p.  >7 
't  Mtmoprtaionrmu  oMueon^ 


188»,p.T8i.ng.4. 


1S&8;  FOaria  tttraonii  Jtoun,  UM,  p.  413  [as  synony-in 

ISM.  p.  4ZT- /:  pmticu  dntafjr] . 
Isai:  Monotietalimema  oMiiw-raudafum  (Rudolpbi,  1S10)  Diebimd,  1) 

[as  BynonyTn  of  FUarUi  otiiuo-aiaiiala], 
1HT9;  Mejioiietaioiiema  oMiu  [eraudafunl  Linbtow,  1878,  p.  74  [mlaprli 

doluni,'  myaoRSm  ot  FOaria  obtHto-caudala]. 
leSS:  r  JUaria  obtiuomuilala  Lumov,  ISgS.  pp.  284-2S6.— Idih,  ISSS.  p.  10, 

Specific  diaonosib. — FUaria;  Anterior  end  of  body  obtuse,  with  8  nodulea;  prm- 
teriorend  gradually  attenuated.     Mouth  bilabiate  with  unarmed  truiicat«coDicat)ip». 
Mak:  30  to  37  mm.  long  by  0.5  mm.  thick.     Tail  curved,  with 
a  Blender  S-ribbed  membrane  on  each  aide.    Spicules  two,  un- 
equal, very  straight  and  eleuderi  Iohk  spicule  2.5  to  3  ram.  long; 
ahort  spicule  0.36  mm.  long. 

Ihmde:  30  to   125  mm.   long   by  0.6  to   1   mm.   thick.     Tail 
straight,  obtuse.     Position  of  vulva  not  determine<l. 

Habitat. — Picue  lincatui  [=line8ted  woodpecker,  CfophUmt  tin- 
«aiu»];  thoracic  cavity;  Braiil  (Budolphi,  1819). — Picua  fiarrtcent 
[=black  and  yellow  woodpecker,  Celeu»  fiaitmtiit];  eubcutaneoua 
connective  tissue  of  neck;  Brazil  (Dieaing,  l)t5ia);  under  skin  oF 
neck  and  superorbital  region,  and  in  walla  of  esophagus;  Brazil 
(Molin,  1858). — Fimt  robugtu*  [=Brazilian  ivory-billed  wood- 
pecker, CampqihUiie  robustiu];  muscles  of  neck;  Brazil  (Diesing, 
1851a). — Picug paneritiue  [=aparrow  woodpecker,  Veniliomit pa»- 
terinut];  orbital  cavity;  7  Brazil  (Diesing,  1851a) ;  underskinofDeck;  Brazil  (MoHn, 
1858). — Picui  atiruUiitu*  [=Brazilian  green  woodpecker,  Cliloronerpe»  aundaitue:}; 
muBcles  of  neck;  Brazil  (Diesing,  1851a;  Molia,  1858);  under  skin  of  neck;  Brasil 
(Molin,  1868). — Pica*  UucoUemiu  [= white-throated  green  woodpecker,  Chlm-ontrpes 
UtieoUemut\\  a  ubcutaneous  connective  tissue  of  neck;  Brazil  (Diesing,  1851a). — Pieus 
himaiia  [=Jumana  woodpecker,  Celeu*  jumoiHi];  muscles  and  subcutaneous  con- 
nective tissue  of  neck;  Brazil  (Diesing,  lS51a) ;  under  skin  of  and  in  tumor  of  neck; 
Brazil  (Molin,  1858).— Picu«  rabricoUie  [=red-necked  ivory-billed 
woodpecker,  Campephilui  ru&n'col/t'i] ;  musclea  of  neck;  Brazil 
(EKesing,  1851a);  underekin  of  neck;  Brazil  (Molin,  1858).— Leaser 
grayahrike,  Laniitpinirwr;  underakin;  ? Europe  (Kudolphi,  1819). — 
Laniut  pomeranus  [=pomerine  shrike,  Laniiu  ernator,  or  rufoua 
shrike,  Laniia  nUilvt];  under  skin;  7 Europe  (Rudolphj,  1819). — 
Laniut  rufvs  [^mfoua  shrike,  Lanivs  nififtu];  under  skin  near 
eye;  ?  Europe  (Linalow,  1879). — ioniiwsp. ;  underskin  in  occipital 
r^on;  Abyssinia  (Parona,  1889). 

In  the  followiug  host  a  parasite  was  found  which  was  identified 
provisionally  as  FUaria  oHuto-caudala. — LanitLt  sp.;  ?  location; 
Turkestan  (Linetow,  1883).— Perrfii  leucoetrirla  [=8tellated  par- 
tridge, OdontophoTut  ^eUatiu];  wing  muscles;  Brazil  (Molin, 
1868). 
Tvpi  Specimens. — ?  In  Vienna  or  Berlin  Museum.  *■'' 

This  species  is  based  on  a  single  specimen  of  female  collected  from 
the  thoracic  cavity  o£  Picua  llneatun  by  Natterer  in  Btuzil.  Rudolphi 
(1819,  p.  634)  described  this  specimen  as  slender,  gradually  attenuated 
posteriorly,  with  rather  acute  bead,  apex  of  tail  very  obtuse  and  short. 
Length,  20  mm.  (15  lines).  Mouth  orbicular,  unarmed.  Two  unequal 
spicules.    Diesing  (18dla,  p.  277)  enlarged  slightly  upon  Itudolphi's 


oblufo 
Anterior  end  of 
nule.  BnUrsed. 
(HBlnes  del., 
■Her  Parona. 
1889,  p.  782,  tig. 
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original  description  and  added  a  number  of  hosts.  TTie  description  and 
list  of  hosts  was  still  further  extended  by  Molin  (1858,  pp.  413-414) 
and  a  part  of  Filaria  nndulom  Budolphi  of  Dieaing  {1851a),  transferred 
to  the  species  under  discussion,  Diesing  (1861a,  p.  710)  placed  this 
fonn  in  the  genus  MonopetaloTiema.  Linstow  (1879,  1883,  1886)  and 
Parona  (1889)  have  added  one  or  two  points  to  our  incomplete  knowl- 
edge of  the  anatomy  of  this  form,  and  record  new  hosts  and  lot;aIitie-s. 

Filaria  oculi  op  "C.  W.  W.,"  1891. 

"  C-  W.  W."  (1891,  p.  290)  mentions  a  nematode  found  in  the  interior 
chamber  of  the  eye  of  a  parrot.  No  microscopic  examination  watt 
made. 

PiLABIA  PAPtLLOHO-ANNULATA  MoLIN,  1858. 


Syhontmy  and  Biblioomaphy, 

1851:  FOaria  aUenvata  Budolphi  of  Didino,  1851a.  p.  2M  [In  part;  Irom  the  orbit  of  ftiico  taaln- 

(ORff,  BraiH]. 
1S58:  fiiaria  papiiloto-annulata  Molik,  1B&8,  pp.  SM-UO,  MB.— Diebino.  ISeia.  p.  T02.— LiNvrov,  1S7S, 

p.  118.— Stobsich,  18»7,  pp.  75,  HI. 
ISHS:  FOaria  attaiuain  falrouit  pietl  Uous.  1868.  p.  4(M  [u  Hynoi 

F.  aUeTiiiata/alcoBil  plcll  Molln.  1S5B.  p.  SM.  aa  synonym  ol 

Spec  1  PIC  DiAaNosia. — Filaria; 

MaU:  Unknown. 

Female:  50  mm.  long  by  1  mm.  thick.  Anterior  end  of  body  obtonely  attenuated, 
clonely  annuUted  as  far  as  the  vulva.  Mouth  surrounded  by  eight  pepillw.  Posterior 
end  of  body  thickened,  with  very  acute  caudal  tip. 

Habftat. — Falco  iiinintoiiii  [=:Vigor8  hawk,  GampMmyx  twaintoniy,  in  poelerior 
region  of  orbit;  Brazil  (DiesiiiK,  lS5la). 

TvPB  SPECIUENS. — In  Vienna  Museum. 

This  species  is  based  upon  two  female  specimens  (Molin,  1858,  p. 
400)  collected  by  Natterer,  the  same  apparently  as  those  from  the  orbit 
of  J^alco  sicainsimil  oientioned  by  Diesing  (lft51a)  and  identified  by 
him  as  Filaria  atteituata. 

[?  Filabia]  sylvix  Digsino,  1851. 

Byhokviiy  and  Bibuoorafuy. 

1832:  FUariaap.  Nobdkakn,  1882.  p.  IJ. 

1861:  *^rfa  «j/(piJir  KoRDiiAHNo(DiEiiisol851a.  p.  281  [not  F.ttilFLt  Molin,  18S8,  p.  425,  H  aynonym 

oIF.  mi/ntluTX  chri/K/pvffr]  .—iloi.is,  1858,  pp.  428,  41T.— LiHBTOW,  187S,  p.  86.— Stdcbicu.  Itm, 

pp.  82.  143. 

SpBCiPic  DIAON081M. — ?Filaria:  Special  inquirenda. 

Length,  37.5  inm. 

Habitat. — Si/lvUi  ali'ielina  [=<;liiffchair,  PhylloiBiiput  minorl;  orbital  cavity;  Ger- 
many (Nordmann,  \VA2.) 

Typb  bpecime SB. —Probably  not  in  existence. 

Reported  but  once.  A  single  specimen  collected  by  Doctor  Gloger 
in  Breslau  (Nordmann,  IWW,  p.  17). 
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(3  FiiiARiaI  nNAMi  vasuqati  Holin,  1868. 

8Ttn>MT>y  AMD  BlBUOaBATHY. 

18GB:  FOaria  Unaml  voHcgM  tpalpOmUt)  UOUH.  UU,  pp.  427,  ML 

18E8:  FOaria  ttnami  raricfuN  UouN.  ISSa.  p.  127  (m  unoajn  of  ^.  (UtOMl  variegM  ipa^ebmlU)].— 

LiNnnw,  J878,  p.  128.— STomicH.  ISBT,  p.  83. 
ISSg:  T  FOaria  labiolmncata  >lout(,lK8,  p.4Z7  |u  poalble  tfiKaiym  of  ^.  KMiiii(nirle;DU(jiii^Kbnilt>i|. 

Spkcific  niAQNOBiH. — 7  Kiarto."  ,^>fci«(  tn^tmula. 
No  dencription. 

Habitat. — 71?iarniurarvjfa/iM  [=Tariegated  tinamou,  Oryplurui  varkgabu};  nnder 
nictitating  membrane;  Brazil  (MoliD,  1S58). 
Tyfk  HPBC1IIEN8. — In  Vienna  Museum. 

Molin  (1858,  p.  427)  examined  a  .'linffle  specimen  collected  by  Nat- 
terer  in  poor  state  of  pi*e3ervation,  which  aeemed  to  be  a  female  belong- 
ing to  Filaria  labiotruncata,  but  he  separated  it  from  the  latter  on 
a<»ount  of  the  difference  in  habitat. 

[7  Filaria]  tdrdi  olivascbntib  (palpbbbaltb)  Houn,  1858. 

STNOMTirr  IMD  BlBLIOaKlI>HT. 

1868;  JVaria  tardi  otivaicailOt  (palpebrallt)  UouN.  1K«.  pp.  123.  M6. 

1858;  FOaria  tardi  MOLIK.  IHM,  p.  123  (Dot  F.  Iiirdl  Holln,  1868,  p.  t»6  ^  F.  JBiformU;  oM  F.  (sntj 

Molin.  in.'iK,  p.  12a  '  f.  iaijallmv  eampanitmr:  nol  F.  tunti  Uutow,  U77,  pp.  17&.171.] 
1H7N:  FBaria  lardt  alinatrfnlii  Linktow.  IHTS,  p.  90.— ^Stikmu'r.  18{>7,  pp.  85.  US. 

RpBCiKic  DiAaNQsis.— ?  Filaria;  f^eiet  inqiiirenda.     No  description. 

\l\wr\T.  —  Ttirdui  oliiiMicrnt  [identity  of  hiMt  unknown;  this  name  not  found  in 
omithol<igi<-al  lil^^rature] ;  under  nictitating  membrane;  Brazil  (Moliu,  1858), 

Type  hpb(-ihenh. — In  Vienna  Muaenm. 

Molii)  (1858)  remarks  that  the  two  specimens  of  tbb  form  collected 
by  Natterer  were  in  too  bad  condition  to  be  studied. 

Gbnith  SPIBOPTERA"  Rudolfhi,  1819. 

Gbnbbic  DiAONOBiB. — FilariidiB:  Scarcely  diatjnt^iebable  from  Fiiaria.  Body  gen- 
erally shorter  and  thiclier.  Vulva  uxually  at  a  coneiderable  distance  from  anterior 
end  of  body.     Tail  of  male  rolle<l  spirally  and  fumiehed  witb  lateral  membranes. 

TvPB  MPBCIBB. — Probably  SptropUra  enryojiUra  Rudulphi,'  1819.* 

T  Spiroptera  rAPRiMtiLoi  Molin,  1860. 

Shipley  (1903,  p.  606)  mentions  a  worm  from  the  orbit  of  a  "Night 
jar"  { Caprim nhjm  europxus  or  C,  a-^iyptim)  collected  by  R.  M.  Hawker 
in  the  Soudan,  and  refers  it  provisionally  to  Spiroptera  caprimvJg! 
Molin,  a  apecie.>5  ba,sed  upon  a  single  specimen  collected  in  Brazil  from 
the  stoma<-h  walls  of  Cuprinudgim  megahirm  and  listed  among  species 
inijtiiriiiJa:  by  the  latter  author. 

"Afl  will  be  shown  in  a  forthcoming  tlieck  list  of  the  nematodes  by  Stiles  and  Haa- 
eall,  the  name  Aniaria  Bremser,  ISll,  must  replace  the  name  Spiroftera,  as  the  latter 
is  simply  the  genus  Aivaria  renamed.  Since  the  generic  relationship  of  each  of  the 
three  species,  ra;»rimu/^  of  Shipley,  /eui,  and  UiiHiaiada,  ia  very  doubtful,  I  have,  in 
order  to  avoid  a  multiplication  of  names,  retained  in  the  present  paper  the  name 
Siiiropleni,  with  which  the  species  in  question  were  originally  listed. 

^See  nematode  check-list  by  Stiles  &  liassall  (MS.). 
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uanbon's  eye  Worm  ok  chickbns. 

[7  Spiroitera]  Fbai  Stouich,  1897. 


14  {as  ijiiioiiTm  ol  5.  na<  Bloarieh)], 

I  Feai  HT0B8ICH,  UV?,  pp.  114,  14& 

Spbcific  diagnosis. — t  SinropUTv: 

MaU:  Unknown. 

FemaU:  16  mm.  long  by  1  mm.  thick.  Heaa  rouniied,  with  two  conical  pspiUw. 
Candal  extremity  very  obtuse,  Dot  pointed. 

Habitat.— Burmese  hawk-owl,  Ninox  tcultilala;  orbital  (avity,  behind  the  eyeball; 
Burma  (Parana,  1889). 

Type  hpbcimsss.— [?] 

This  species  is  based  on  Parana's  (1889)  description  of  material 
collected  by  Leonardo  Fea  in  Burma.  On  account  of  our  incomplete 
knowledge  of  the  aoiitomy  of  this  form  its  classification  in  the  genus 
Spiroptera  may  be  considered  only  provisional. 

[7  SpIBOPTEBa]    TKMtTlCAUDA   MOLIN,    1860. 
(Fig.  31.) 

ETHOHYHV   A!ID  BlBLtDOBAPHV. 

IBBO:  SptTOflfTa  imutouida  Mouk,  1S«0,  pp.  083-884,  991,  892.— Linbtow,  1878,  pp.  ia4,  MS.— Idem,  1»», 

p.  GS.— DaABCHK,  ISMb,  p.  207,, pi.  Vi.  flg.  IT.— Stobhich.  l!Ar7,  pp.  !W-89, 149. 
1800:  Spiroptera  ciConiii)  nagaaH  Molim,  IMO,  p.  W3    [aa  ftynonym  ul  Splnypttra  tenuicauda;  not 

3,  cUonijB  maguari  UollD,  IBflO.  p.  £82=^\  excita;  nut  S.  eiconise  viagwiri  Uolln.  IHO,  p.  486 

^Ditj^iartxgtiM  Umgpvaginaiut] . 
IBSO:  it^raptcni  <Tar{<  N.  ol  MoLiH,  186D,  p.  ess  (usynonyiiiDl.S.  fnufmtuta.'  not&  murJtMoIln,  I860. 

p,  e44^.v.Ad<Toclf(a]. 

Spbcipic  DiAONoais. — 7  Spiroptera: 

Male:  irnknown. 

Female:  8  to  19  mm.  long  by  0.2  mm.  thick.  Body  slender,  increasing  in  thick- 
ness anteriurly,  posteriorly  gradually  attenuated.  Anterior 
end  coiled  in  a  single  turn,  apex  truncated.  Head  with 
two  membranous  alte,"  lips  absent,  mouth  opening  hex- 
agonal, two  lateral  and  four  euboiedian  papitlcc.  I'barynx 
absent.*  Esophagus  ends  in  a  bulb  with  dental  apparatus. 
'Tail  straight,  siender,  acutely  conical,  with  very  acute  tip. 
Anus  remote  from  caudal  tip.     Position  of  vulva  not  deter- 

Habitat. — Cieonia   maguari   \^  South    American   stork,  __ 

Euxenura  mojuari],-  provcntriculus;  Brazil  (Molin,  I860).—  (llalnet  del.,  «(ier 
■Crax  toiiientom  [^Brazilian  milua,  Miliui  lomerdoga];  under  nnwhe,  18B4a,  pi.  12, 
nictitating  membrane;  Brazil  {Molin,  1860).  fig."-) 

TvPE  SPECIUBNB. — In  Vienna  Museum. 

This  species  is  based  on  specimens  of  two  females  collected  by 
"Natterer  in  1831  from  the  proventriculus  of  C'lconm  maguari,  and  two 
females  and  a  fragment  from  under  the  nictitating  membrane  of  Crux 
.t<ymen.tosa,  also  collected  by  Natterer  in  1831.  Molin  (18G0,  p.  98i), 
■considers  it  probable  that  the  forms  from  Cieonia  are  of  a  differertt 
species  from  those  from  Crax,  but  since  he  saw  no  males  from  either 

"According  to  Molin  (I860,  p.  983),  membranousappendages  are  lacking.  Drasche 
((1864a,  p.  20],  who  reexamined  Molin'a  material,  found  al^e  on  the  head. 
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host,  the  great  similarity  \a  the  females  did  not  justify  him,  he  believed, 
in  creating  two  species. 

Drasche  (1884a,  p.  207),  who  reexamined  the  original  material,  does 
not  state  whether  he  examined  specimens  from  both  hosts  or  from  but 
one.     He  doubts  that  the  species  belongs  in  the  genus  Sptropiera. 

Gbhl-8  APBOCTA  Lihotow,  18S3. 

Gbkbbic  DiAONoeis. — Filariidfe:  Body  rounded  at  both  ends.  Head  attenuated. 
Mouth  without  lips.  Esophagus  short.  Aduh  lacking.  LatenJ  fields  very  broad 
and  tbin,  without  excretory  vewels.  Excretory  pon;  lacking.  Cauda)  exlrranity 
without  papillie,  or  with  a  single  unpaired  papilla  near  poflterior  end. 

TiPK  aPsci^^Aprocta  ci/tiTtdriea  Linstow,  1883. 

ApKocrA  CTLiNnucA  LiNSTOT,  1883. 


BrNONYHY  AMD  BlBLIOOBATHT. 


Sfbcipic    diaonobib. — Aproda:   Head 

rounded  without  lipe  or  papilte.     Tut 

Fto.  n.— Aprocfa  tTfitndrita.    Posterior  end  of     rounded  in  both  sexes.    Esophaftos  short; 

niAlB.    Enlarged.    iHalnesdel., alter Unnow,      meaaures  ^,  of  the  length  of  the  body. 

1S8S.  pi.  7,  Og.  21.)  Anuflabeent.    Musculature meromyarian. 

Lateral  fields  very  broad  and  thin. 
Malt:  16  mm.  long  by  0.64  mm.  thick,     (ienit^  opening  prominent;  one  piur 
postanal  papitlfE.    Tip  of  tail  prolonged  into  tihort  appendage.    Spicules  two,  almost 
equal,  short,  curveil,  0.31  mm.  and  0.28  mm.  in  length. 

Female:  27  mm.  long  by  0.9  mm.  wide.     Eggs  elliptical,  0.026  by  0.01  mm. 
HABrrAT.— P<ir«wi  n/arwta  [=blue  rock  thruBh,  Petrophila  cyiaau];  orbital  cavity; 
Turkestan  (Linstow,  1883). 
tvpe  spbcihens. — [?]. 

Aprocta  opbthalmophaoa  Stossich,  1902. 

SYKOMOMY  abb  BlBLKMBArHY. 

1S02:  Aprocta  ophihaimophaga  STOflBICB.  1(02,  p.  J3, 

Specific  diaosos is. —.aprocta,'  Body  thick,  cylindrical,  attenuated  at  both  ends. 
Head  (lacking  in  all  specimens  studied) . 

Male:  20  to  24  mm.  long.  Tail  coiled  spirally,  with  rounded  tip,  lacking  borea 
and  papilliC.  Cloacal  opening  salient;  spicules  two,  ot  equal  length,  short,  with 
hook-like  points. 

FemaU:  40  uim.  long.  Caudal  extremity  broa<l  and  rounded.  Vulva  prominent 
near  cephalic  extremity.     EgK8  elliplical,  with  thick  yellowish  shell. 

Habit.\t.— Falcon.  Fako  sp.;  behind  eyeball;  Abj-ssinia  (Stossich,  1902). 

TvPE  SPECIMENS. — In  Collection  Parous- 

This  species  is  based  upon  a  number  of  specimens  collected  by 
Doctor  Tmverso  in  November,  1885. 
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Apbocu  ohbttaub  Linbiow,  1901. 

(P!«I.J8,M.) 
BTtioimrr  iim  Bibliogkifht. 
ISOl:  Aproda  eiHaaUi  Lnmow,  IBOl,  p.  188,  pi.  8,  OgB.  10, 11. 

Sfrcific  TiiAaaoBi&.—Aproeta;  Anterior  end  of  body  ronnded,  eomewhat  conical, 
without  papiilffi.  EeophaguB  abort,  imus  absent,  lateral  fields  very  thin  and  broad, 
each  equal  to  i  of  the  periphery  of  the  body.    Excretory  vessels  and  pore  lacUng. 

Male;  21  mm.  long  by  1.03  mm.  thick.  Eeophagus  ^  the  body  length.  Tail 
coiled  into  a  doable  spiral.  Tip  prolonged  into  a  short  appendage  with  rounded 
extremity.  Appendi^^  measures  ^  of  the  body  length.  Spicules  two,  short,  0.40 
snd  0.47  mm.  in  length.    Genital  opening  rather  prominent.    Papilla  absent- 


Tio.33.—Aproe(aorbiUUi>.    Cioce  sectloD.    Ed.  Tio.  SL—Aprofta  orbUalii.     Poeterlot 

Isiged.    (HaineeileL,afteTLliiglow,lsai.p1.  end  of  male.     EDlaiKed.     (Halnea 

8,  flg.  10,)  del.,att«t  Lioalow,  lMl.pl.  8,  Hg.  11.) 

fantiU:  38  mm.  long  by  1.26  mm.  thick.  Esophagus  ^  of  the  body  length. 
Vulva  rather  prominent,  anterior,  0.78  to  1.03  mm.  from  the  cephalic  extremity. 
Eggs  thick-ghelled,  oldest  contain  worm-like  embryos  and  measure  0.055  mm.  long 
by  0.036  mm.  thick. 

Habitat. — Falco  fugeoaUr  [=black  kite,  Milriii  korichun];  orhit;  ?  locality  (Lin- 
Stow,  1901). 

Type  specimens. — In  Breslau  Collection. 

Genuh  PKTSAIjOFTEIIA  Rudolpri,  1819. 

Gbkbric  DiAQNoew. — Filariidee:  Mouth  with  tuo  equal  lips,  each  with  three  papil- 
he  on  the  outer  surface,  and  each  arme<l  with  teeth  at  the  extremity  and  usuftlly  also 
on  the  internal  surface.  There  are  usually  present  cuticular  expansions  of  variable 
form  behind  the  lips.  Posterior  extremity  of  male  is  lanceolate,  spoon-like,  sur- 
rounded by  a  vet:icular  border.  Two  varieties  of  papillic:  A  series  of  external  pedun- 
culate papilla,  four  on  each  side,  in  the  anal  region,  serving  aa  supporting  ribs  for 
thehursa;  and  internal  papillte,  almostalwayesestiile;  frequently  an  unpaired  papilla 
in  front  of  the  anus.  Spicules  two,  unequal.  Female  with  two  ovaries;  vulva  in 
anterior  part  of  body.    Oviparous. 

TvPB  seEiciEB.—I'hy>alopUrii  rla'wa  Rudolphi,  1819." 

"See  nematode  check-list  by  Stiles  &  Uassall  (MS.). 
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Stnonyiii 


n  BiBLIDOKAPBT. 


p.  46.  66.  pi.  2 


SpaciPic 


laRtrDOLrm  of  DimHO,  lSSla.p.  33i  [In  put]  .—UoLur,  IMO,  p.  Ul  (In  part:  u 
HyaoDyinof  P.  aetttiatadd]. 

m.  pp.  Ki-ta,  tea.  ffTo— likbtow.  istb,  pp.  no.  in.  iis,  iie, 

p.  II.— IDIM,  IBOl,  p.413.— DEiBCHI,  ISSSb,  p.  IK,  pi.  g,  flgs.  4.  5.— STOSnCH. 
Rg.  U.  pi.  3,  fljt.  3S. 

—Phytalapteru:  Body  filiform,  more  attenuated  poeteriorly. 
Well-developed  nieiiibranousespanBioDa  on  the  head. 
Mouth  bilabiate,  anterior  border  of  lips  semicircular. 
Each  lip  furnished  with  a  large  pointed  outer  tooth 
and  three  BmaJl  inner  teeth. 

MaU:  20  to  32  mm.  long  by  0.8  mm.  thick.  Tul 
curved,  with  long  gem i lanceolate  bareal  membnueei 
four  pairs  of  rib-tike  papillee  Hupporting  the  bursal 
membrane  on  either  eide,  two  postanal  and  two  pre- 
anal;  near  the  median  line  five  paira  of  sessile  poet- 
anal  papillfe,  two  just  poeterior  of  the  anal  opening, 
two  aUghtly  farther  bock,  and  the  remaining  pair  at 
about  two-thirds  of  the  distance  from  the  anus  to  the 
tip  of  the  tail ;  one  pair  of  preanal  papillse  not  far  from 
the  median  line  a  ehort  distance  in  front  of  the  anoa, 
an<I  a  eingle  median  unpaired  papilla  juflt  anterior  of 
the  BJial  opening;  spieulee  two,  unequal,  one  of  them 
very  long  and  filiform. 

FemiUe:  20  to  4a  mm.  long  by  0,8  to  1.2  mm,  thick. 
Tail  long  and  conical,  with  rather  acute  tip.  Anus 
some  distance  from  tip  of  tail.  Vulva  in  anterior 
part  of  body. 

HAprrAT, — Falcon,  Fatea  sp.;  giizard, — Faleo  eacki' 
nans  [=laughing  (alcon,  llerprtotheret  caehinnaTi*]; 
esophagus  and  gizzard. — Falco  gracUit  [=gr8y  crane- 
hawk,  (ier/tnospi^a$  nendeKenK];  esophagua  and  giz- 
zard.— Fiilro  uminonii  [  =  VigorB  hawk,  Qamp»Qnyx 
jiwiitisoni] ;  esophagus. — Bhlco  mixlant  [=brownbua- 

zard,  Hflerogpkita  mendionoii*] ;  giziard.— /bfco  omatui  [^Brazilian  crested  eagle, 

Spiiaelui  maMduyti};  esophagus  and  gizzard. —i^o/copalurtm 

[=long-winged  harrier,  dTcut  maculomi];  esophagus  and 

gizzard.— Fiifcrt  coronoftw  [=crowned  harpy, //arpyfta/ioefug 

coTonatwi];  orbital  cavity,  free  in  occipital  region  and  in 

gizzard. — Fako  umbvlinga  [=South  American  black  hawk, 

VruhUingavrubitiaga];  gizzard. — Falrodigpar  [=long-tailcd 

kite,  £Kaii«»fe«c«rt«];  gizzard. — FrdcoalrirapUltit  [=Vieillot 

hawk,  Spiiiofter  viflimoleuc'it\;  mouth,  esophagus,  and  giz- 
zard.— Fako  eaijenaemii  [=Cayenne  talcon,  Leptodon  cayen- 

iieiiMa];  gizzard. — Fnlco  unicmctiit  [=one  bande<l  buzzard, 

PaToimUfiuiiicaictaey,  eaophagusand gizzard. — Faicoimnutia 

[=8outh  American  sharp'Shinned  hawk,  Acripiter  /miu];  gixzard.     All  the  above 

hosia  were  first  reported  by  Molin  (1860)  from  Brazil. — Black-winged  kite,  EUxiMt 

csTuleat;  stomach;  Lake  Nya^<8ai,  Africa  (Linstow,  1901). 
TvpB  BFECiMRNs. — In  Vienna  Museum. 


Postarior  end  oJ 
(Hiiinefidel.,  after 
pl,8.flg.4.1 


aftvr  Drawilie.  1883b.  pi. 


Drasche  {1883b)  ha»  restudied  the  original  materiaL 
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D  BlBUOOEirBV. 


Spbcwic  m  AG  nobis. — Fhytaloptcrii: 

Male:  Unkaown. 

Female;  32  mm.  long.    Head  with  wing-like  ftp- 
pendagee  and  two  or  more  papilUe  or  lips. 

Habitat. — Saned     ibis,    Ibi»    athiopica;     orbital 
cavity;  Abysunia  (Parona,  1885).  Fio.  87.— Pftj/joloi*™  sp.    Anterior 

Type  BPaClMKNB.— [7]  «"^  of  female.  ahowJoK  wlng-Uke 

Appendage*    and    llpn.      x   7S. 

One  specimeo  collected  by  P.  Magretti  io      <h*ii™  dei..  atier  p.r™^  msb, 
M.rck,i882.  "■'■"■^' 


Gbnub  BTNaAHUS 

GiNBRic  SLAONOBis. — Strongylidfe:  Head  thick.  Moath  large,  followed  by  a 
chiUnouB  pharyngeal  capsule. 

Male:  Truncated  posteriorly  with  fan-like  bursa  and  two  spiculea. 

Female;  With  a  double  ovary,  Vnlva  usually  anterior  of  the  middle  of  the  boiiy. 
Copulation  ie  permanent  in  many  species. 

Habitat. — Usual  habitat  ia  the  trachea  and  bronchi  of  birds  and  mammals. 

Ttpb  sfecibs. — Syngamug  trachealis  SieboliI,  1836. 

SvNaAHuii  LABI  (Blanchari),  1849)  Stossicr,  1899. 


Synonymy  and  Biblioorafrt. 

1820:  Xeiaaloldeam  lari  ridOnauIi  CbepLiN,  182eb.  p.  36.— Ideh  |lg46a,  p.  140] .— DiniHa.  tesia,  p. 
821  [MsjnonjTn  ol  Sh'ongylut  lari  rid ibiind{],—hlHBn>v.  1878,  p.  16S. 

18ST:  Stronmlai  ip.  SiEBOLD,  leSI,  p.  68.— Crbplin,  IS&lb,  p.  2S»  [^Kemaloldaim  Itai  ridOmadi  Crcplin. 
IWIB  =Cs/alllottontnlnriBHnclMt<S,  IftlB], 

I84B:  OiialliotlomalarlBi^iicai^BD.1&i9a.pp.  18S-18S,  pl.7,  flg.fi.— lDEiiinCTV!KR  pdate]  (loophytes), 
pl.SR,  ngs.8,6a,U.— DlEBINu,l)*&]a,  p.306  [axejooaym  oC  Scleroaomumciiallio!lomum1.—JDEII, 
1861a,  p.  717  [lis  nyDOnym  of  Scltrottomum  cyal?iait<nim7a].—(.lssv/ilB  *  VanBknkdbn,  18Wb, 
p.  106.— MOLIN,  ISei.p.Ml  [Mgyniiiiym  of  *i^Mio?niiin  tarfMolln].— Kailliet,  1S98,  p,  «a.— 
8TOWICM,  1869.  p.  100  [hb  BjTion jm  of  Syngamutlarf]. 

1851:  SeUnntomum  cyathoitomam  DixsiNQ,  Igau,  pp.  806-307.— Idem,  ISSla,  pp.  717-718.- MoLni,  1861, 
p.  MI  [an  sjnunym  ol  Srfmi«tomum  tori  Molln] .— Likstow,  1878,  p.  187.— Pabona.  18M,  p.  2SB.— 
MOHtiNH,  1898,  p.  «.— SiqaalCH,  1899,  p,  100  [nanynonym  of  Sj/nSi"""''n'fl. 

ISU;  Strmftytia  lari  ridibtmdi  DimiNQ,  IS&la.  p.  821.— Idem.  1861a,  p.  718  [as  probable  synoaym  ol 
SderoMomum  i^olAoatoniuin].- MOhuno,  1898,  p.  48  \aa  Hynonym  of  Hdtrottomma  cy<Moao- 

IWl:  ScfeToatomuni  lari  (BlancbanI,  1849)  MoLiN,  1881.  p.  661.— Skmsioh,  1B09,  p.  100  [na  synonym  ot 

Syngamui  lari] . 
1899:  Strnpamuf  lari  (Blancbaid,  1849)  Stomich,  1899.  pp.  100-101. 

SpBCinc  DiAONOBiB. — Syngamvg:  Body,  red  in  color,  attenuated  anteriorly.  Mouth 
opens  into  a  pharyngeal  capsule,  which  is  marked  in  front  by  an  annulation.  Esoph- 
agus is  thick  and  muscular,  and  increases  gradually  in  diameter  posteriorly.  Intea- 
tine  rather  sinuous,  with  thin  delicate  walls,  dark  in  color. 
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MaU:  6  to  8  mm.  loofr  (Siebold,  1837,  p.  68).    Body  enda  abmpUy  behind;  mem- 
biauous  fan-like  bursa  with  six  rays,  of  which  the  middle  ones  are  the  most  marked; 
two  spiculea  of  equal  length.     Testicle  a  single  very  wide 
tube  sinuooB  anteriorly. 

Femak:  6  to  8  mm.  long  {Creplin,  182«b,  p.  36);  10  mm. 
long  by  0.5  to  0.7  mm.  thick  (Siebold,  1837,  p.  68);  10  to  13 
mm.  long  by  about  1  mm.  thick  (Blanchard,  lS4ea,  p.  183). 
Body  becomoB  gradually  thicker  in  the  anterior  third,  then 
Cimtinuee  of  equal  thicknefls  to  the  {xisterior  extremity.  Tail 
with  slender  conical  tip.  Cutictila  finely  striated.  Esophagus 
eqnals  about  one- fifteenth  of  the  length  of  the  body.  Ovaries 
two,  widening  into  capacious  uteri,  which  unite  to  form  a 
vagina  of  about  2  nitn.  in  length.  The  latt«r  gradually  de- 
crease in  diauieter  toward  the  vulva,  a  large  prominent  open- 
ing, with  salient  lips,  situated  slightly  posterior  of  the  middle 
of  the  body. 

Habitat. — Black-beaded  gull,  Larut  ridibunda*:  nasal 
cavity;  7  Euroim  (Creplin,  1829);  orbital  cavity;  Sicily 
(Blanchard,  1849).— Leaser  black-backed  gull,  Larui  fiuau; 
infra-orbital  cells;  7  Europe  (Siebold,  1837].— Gulls,  //rrui 
sp.;  nasal  foBsa?;  Belgium  (fiervaia  4  Van  Beneden,  1859). 
Typb  spBaxBNa. — [?] 

Creplin  (1829,  p.  36)  is 
the  first  to  mentioii  this 
form,  reporting  the  dis- 
covery of  a  single  fe- 
male, found  by  Schilling 
in  1826  in  the  nasal  cav- 
ity of  Larua  rtdibundiis. 


FiO.  S9.— SytUTomui 

Fia.  W.Syngamui 

larl.    ycmale.    En- 

lari.    Anierior  end 

lari.  Vulva.  En- 

Urged    nbont    12 

of  CenMc.     Murh 

times.  (Httlnes del.. 

enlarged.     (HaLncs 

del.,  after  Blan- 

after    BlKnchaivl, 

del.,   after    Blan- 

ehard,  In  Cuvier 

<ti   CuTler    pdale) 

ehard,   In    Cuvler 

[?da(e]      (100- 

(zoophylCB),  pi.  2.'.. 

[7dMc]  (Kwphytee). 

phnes),    pi.    25, 

Siebold  (1837,  p.  68)  reported  a  number  of  males  and  females  found  by 
him  in  the  infraorbital  cells  of  Zarus  ftiscm.  Blanchard  (1849a,  p.  183) 
collected  five  females  from  the  orbit  of  Lanie  ridihundits  and  gives  a 
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description  of  the  female.  G«rvais  &  Van  Beiieden  (1859b,  p.  106) 
found  tliree  fetnalea  and  two  males  io  tlie  naaal  fosste  of  birds  of  the 
genus  Zariis  from  Belgium,  and  gave  a  short  description  of  the  male. 

TCiENiia  ABCABIS. 

ASCABIB  LBPrOFTBRA   RCTDOLPIII   OP   RaVBR,    1643;    NOT   RuDOLPHI,    1810. 

Kayer  (1843,  pp.  14(!,  148, 14i5,  pi.  4,  figs.  7-10)  mentions  and  figures 
a  worm  from  beneath  the  palpebral  conjunctiva  of  Einhe-risa  pecoris 
[=Mohthrwf  att'i],  which  he  identifies  as  AfcarU  hptojitt-m,  a  species 
described  by  Rudolphi  from  the  esophagus  and  stomach  of  a  Hon.  No 
description  is  given,  and  the  figures  are  not  sufficiently  distinctive  to 
enable  one  to  identify  the  form  in  question.  From  the  figures,  the 
head  is  seen  to  possess  lateral  alee,  and  the  tail  has  a  slender  acutely 
pointed  tip.  Most  authors  have  referred  this  form  provisionally  to 
Spiroptera  Jeptoptera  Rudolphi,  1819,  a  parasite  of  falcons,  but  such  an 
arrangement  seems  hardly  warranted  by  the  facts  in  the  case. 


I  am  much  indebted  to  Mr.  H.  C.  Oberholser  of  the  Biological  Sur- 
vey, U.  S.  Department  of  Agi'iculture,  for  his  generous  assistance  in 
determining  the  present-used  scientific  and  common  names  of  the  hosts 
here  listed,  and  arranging  them  into  orders  and  families. 

The  star  (•)  signifies  that  the  parasite  so  indicated  has  been  reported 
from  the  eye  of  the  host  with  which  it  is  listed. 

ORDtyi  CRYPTURIF0RME8. 

Family  T[kamid£. 

Cr^ptwfKtvaritgaiu*  (Latham)<     Variegated  tinaiuou. 
*  [?  i^Vtoria]  linanii  rariegati,  p.  38. 

Obdkb  CICONllFORMES. 

Family  Ckosudju. 

Euxeituramoffwiri  (Temminck).    South  American  etork. 
pSpiropleTa]  Imuicauda,  p.  3fi. 


Ibit  aihiopica  (Latham).    Sacr^  ibia. 
'Phyialoplera  ap.,  p.  43. 

Obdbr  FALCONIFORMES. 
Family  Falconid.b. 

AecipiUr  tinut  (Latbam).    South  American  abarp-sbinneil  hawk. 

Phj/talopiera  aciUkauda,  p.  42. 
Aqw3a  maatlata  (Gmelin).    Spotted  eagle. 

•[?(>iy«pirura]  tt^eura,  p.  29. 

*^iyaTia  id)breviata,  p.  31. 

Digitized  By  LiOOgle 


46  BUBEAU   OF    ANIHAL   1NDU8TBY. 

Arekibuieo  lagopuM  (Gmelin).     Rou^h-l«g);e<l  hawk. 

*[Y tSlaria]  armata,  p.  33. 
Circu*  macvlorus  (Yieillot) .     Long-wingiHl  hairier. 

Phyiaioptera  nrvXicniidn,  p.  42. 
Eianut  arruUiu  (Dexfuntainee).     fitack- winged  kite. 

PhyMiIoptera  acvliraudii,  p.  42. 
Elamu  leucvnit  (Vieillot).     White- toiled  kite. 

Phytaloptera  arutirauila,  p.  42.  * 

fblro  Bp.     FalroQ. 

*A}inirta  ophlhalmopkaga,  p.  40. 
Falm  Hp.     Falcon. 

Phymdoplrra  actUicaudn,  p.  42. 
Gamptoniix  mxiixwmt  ( ^'i|tQIs}.     Vigont  hawk. 

*FilaTiapnpiUoKmmadata,  p.  37. 

Ph'jmloplera  ofvticauda,  p.  42. 
Geranonpiuaiifimilriiceii*  (Vieillot).    (iray  craiie-hawk. 

•[?1j^»pjr>ir(i]  pajiillotn,  p.  27. 

PhymUiplera  nctilioauda,  p.  42. 
Jlarpyhaliaftus  roTimnttui  (Vieillot).     Crowiie^l  harpy. 

*  Phytalojitfm  anUimuda,  p.  42. 
Heleroipaiai  meridioiiiilu  (Latham).     Brown  Iiiizzard. 

Phi/taloplrTa  aculicaudii,  p.  42. 
I,eplodon  cayninnmin  ((imelln).    Cayenne  falcon. 

PhynaiojAnn  aeutieaiida,  p.  42. 
ililrriJi  toraehnn  {(!melin).     Black  kite. 

*  Ai/roclit  orbitnlin,  p.  41. 

Fambuit'i  uniriiictvt  (Teniminck).    One-bonded  buzzard. 

Phytaloplciii  antticaitda,  p.  42. 
Riijiomit  magiiirtalru  {Gmelin).     Large-billed  hawk. 

*  [7  FilarU{\  ramjtaaiiiata,  p.  34. 

Spizaetui  maiuluyti  (Daudin).    Brazilian  crested  eagle. 

Phi/tnlojilera  ai-uHcftiuIa,  p.  42. 
^izUuUr  mflanoUvf^it  (Vieillot).     Vieillot  hawk. 

Phymloplera  nrulicauda,  p.  42. 
ThTimietut  karpijia  (LianieUH).     Harpy  ei^le. 

*  [7  Oxyijiirura]  papUloia,  p.  27. 

VnibiUnga  tirubiiinga  (Umelin).    South  American  black  hawk. 
PhymtopUra  acutitxiuda,  p.  42. 

Oboui  GALLIFORMES. 

Family  Turnicids. 

Tumic  taigoor  (Sykes).     Indian  bustard-qoail. 

*  Oxyigiirura  ophlkalmica,  p.  26. 


Crax faxdolata  (Spix).    Spis  cnroffiow. 

•[?  Oxyi:pirura\  anolabitUa,  p.  21. 
JfiiiKi  tomeidosa  (Spii).     Brazilian  mitua. 

*  \^  Spiropiera]  tenuicauda,  p.  39. 
Nothocrax  vrunivlum  (Spii).     frumutu. 

•  [?  Oxyipirvra]  htUrodiia,  p.  24. 
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Family  Phabiamdjc 
Galiat  domextvm*.     Chicken. 

•  Oxy»pmtTa  Matutmi,  pp.  7-20,  25. 
Piaio  crittattu  (Liniuens).    Peafowl. 

•  Orj»piruro  Mtauoni,^pp.  7-20,  25. 

Family  Tetkaonids. 

Odontophontt  Odlatut  (Goald).    Stellated  paitridgB. 

Gloria  oblxuocaudala,  p.  35. 
TelTOfles  bonaina  (Limueua).     Hazel  hen. 

•  [?  Filaria]  boruuta,  p.  33. 

OmiER  GEUIFORMES. 
Family  Cariamidx. 
QKrimna  erviata  (Linn^ua).    Seriema. 
•[70j^»pirura]  breripenijs,  p.  22. 

Ordbr  CHARADRIIF0RME8. 
Family  La  bid  a. 
LanafuKiu  LinnRnx.    Lesser  black-bat^ked  gall. 

Sifnganau  lari,  p.  43. 
Lant»  ndibimdat  Linnseus.    Black-headed  ^11. 

•  Syngamtu  lari,  p.  43, 
Larut  epp,     (lulle. 

Syngamiu  lari,  p.  43. 

F^unily  Trekonidx. 
Zoncaui*  breneliUsi  (Gray).     Brenchley  fruit  pigeon. 
'  Oraiotpira  opklhalmica,  p.  30. 

Obdbr  CU0ULIF0RME8. 
Family  Citculidx. 
Centropiu  titienea  (Stephens).     lodian  ground  cuckoo. 

"  OxygpirvTB  tiamemig,  p.  28. 
Orotophagq  arti  (Linnteus).    Commnn  gmctoth-billed  ani 

•  Oxygpirura  anacanihura,  p.  21. 
Crotophaga  major  (Gmelin).    Greater  ani. 

•  Ojcytpimra  anacanthara,  p.  21. 

Family  Phittacid*. 

Edectui  pettoToiU  (Muller).     Red-sided  eclectus. 

•  Cercdotpira  veMculoxa,  p.  30. 
?GenuB.    TSpeoies.    Parrot 

•  Filaria  oculi,  p.  37. 

Obdbr  COR ACII FORMES. 
Family  PicidjE. 
Gampephihu  robuttut  (Lichtenetein).     Brazilian  ivory-billed  woodpecker. 

i^nria  obtutocaudafa,  p.  35. 
Oampephilut  TiAricoUia  (Boddaert).    Red-necked  ivory-billed  w6od pecker. 
lUaria  obltuocatidata,  p.  35. 
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lyUut  Jtatiaceni  (Gmelin).     Black  and  yellow  woodpecker. 

Fllaria  obtiuoeaudala,  p.  35. 
CkUutjiimana  (SpJx).     Jumaiuk  woodpecker. 

FUaria  olittaocaiidaia,  p.  35. 
CeophliEug  linfiitvM  (LianieuB).    Lineated  woodpecker. 

FUaria  obtutooaudala,  p.  35. 
CMoronerpet  aurulfiUtu  (Temmiiick).    Brazilian  gnta  woodpecker. 

Fllaria  oUumcaudata,  p.  36. 
Cklonmerpu  Uucolrrmut  (Malherbe).    White-throated  Rreeo  woodpecker. 

FUaria  obtuxocaiidala,  p.  35. 
Yeniliamit pamrriniit  (Linnsua).     Sparrow  woodpecker. 

*  FUaria  oblutixaudaia,  p.  35. 

Family  Mohotida. 


MomotoB  momrta  (Linnsens).     Motmot. 
''•Oxytpirara  cephal^tera,  p,  23. 

Family  Strioidx. 

Naiox  KUtjttata  (Raffles).     Burmese  hawk  owl. 

'^P  Spiroplera]  Feai,  p.  39. 
Otiuckoliba  (Vieillot).  Brazilian  screech  owl. 

*Oxy>pirura  brevixubv-lata,  p,  23. 

Faroily  Asionida 

Amo  {=Bul>o  ep.)    Eagle  owl. 
*?  tyaria  aUenuala,  p.  33. 

Pamil)'  CAFRIMITUilDA. 

Caprimulgui  ruropxui  LimiEeuB,  or  C.  mgypt'nu  Licbtenstein.     Nightjar. 
*1  Spiroi>fera  caprimidgi,  p.  38. 

Order  PA8SERI  FORMES, 
Family  DeKDHoooiutPTiDB. 

JipftorfiyncftiM procurru»  (Temminck).    Curve-bill  woodhewer. 

•  \1  Filarial  dfidrocolaplix  procurvi  tacrymalit,  p. 36. 

Family  Puknariica. 

fttmoniu  leucopiu  Swoineon.    Pale-footed  oven-bird. 

Ftlaria  afcftrmota,  p.  31. 
FamariuM  rufut  (Gmelin).    Bed  oven-bird. 

FUaria  abbreviata,  p.  31. 

Family  Foruicabiids. 

Oiamieza  brevicauda  (Vieillot).    Short-tuled  ant-thrush. 

•  [?  Fyarial  ntyolherm  companisowe,  p.  36. 


7  Family  Tvrahnida. 


Miudeapaep.     [=7  genua.    7  species.] 
7  FVaria  abbreriata,  p.  31. 
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Family  TURDIDA. 

Aedon  httcinia  (LinnteiiB).     Thrash  nightingnle. 

?  FVaria  abbreviata,  p.  31. 
EnlhatTii  rubeeula  (Linnteos).    Bobin  redbreast. 

Filaria  abbremata,  p.  31. 
I'etTophita  cyamu  LiDiueae.     Blue  rock -thrush. 

*  Aproda  cylindrica,  p.  40. 
Saxicola laundke  (LiniuEOB).     Wheftte&r. 

t  FUariaabbrfriaUi.-p.'iX. 
Saxieola  ntfa  (Stephens).    Ruseet  wlieatear. 

*  ^iaria  abbrmala,  p.  31. 
SaxictAiBp. 

t  Filaria  abbrev'uita,  p.  31. 
Turdut  olitatctni  (doubtfal  form;  name  not  found  in  ornithological  literature). 

*^Fiiaria]  Ivrdi  olivagceidis  pnJptbralit,  p.  38. 
TiiTdutpUarix  Liunieus.     Fieldfare. 

1  Filaria  abbreiHalii,  p.  31, 
Turdiu  iHtcinorat  Linnsue.    Mistleto*-  tlirusb. 

7  Fiiaria  abbreviata,  p.  31. 

Family  Svlvudje. 
MeHtophilvi  tiKiaiwcepftoiu*  (Gmelin).    Sardinian  warbler. 

Filaria  abbreviata,  p.  31. 
PhyUimcoput  minor  (Foreter).     Ohifichafi. 

*  [?  Fitoria]  tylvia.;  p.  37. 

Family  TRonLoDVTiDA. 
('itto(hoTu» polyglottux  (Vieitiol),     Brazilian  short-billed  marsh  wren. 
Filaria  abhreviala,  p.  31. 

Family  CoRVlu.«. 

Cbnme  eorone  Liniueiis.     Black  crow. 

"IFilaria  attenuala,  p.  33. 
Conmi  JrugUegu*  Linnieufl.     Rook. 

**  Oxyipirvra  tygmoidea,  p.  29. 

Family  Laniids. 

Laaiui  minor  Gmelin.     Lesser  gray  shrike. 

Filaria  obliisoenudala,  p.  35. 
Laniiu  tmator  Linnicue.     Pomerine  shrika 

Filaria  obtutoeaxulata,  p.  35. 
Laniiu  ruiihie  Ijitham.    ButouB  ahrike. 

Filaria  obluioamdata,  p.  36. 
Lanitu  Bp. 

J^Varia  obtu»ocaudata,  p.  35. 
Jjaniut  Bp, 

7  Filaria  obtueocaudata,  p.  35. 

Family  Motacillidx, 

MotaciUa  aWa  Linnffiue.     White  wa^biil. 
7  Filaria  abbreriata,  p.  31. 

Family  Ictkrids. 
Amblyrhamphtu  kolonericeitt  (Scopoll).    Scarlet- headed  mareh-bird. 
Filaria  abbreriata,  p.  31. 
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Iflenu  eroconolut  Cirsy.     Oran)ie-lMU.'kv*l  tmupiat. 

•Oj-yBji/rMro  rephaluptrrn,  p.  23. 
Meffafjuinnilut  tnnjor  (Vieillot).     Bint-tailed  f^raokle. 

*Fil(iria  rirriira,  p.  34. 
Mohtlirui  alfr  (Bo<ldaert).     (\)wbir<l. 

''Atcarit  Uptopttra  ot  Rayer,  p.  45. 

Family  TANACRibA. 
Jacapa  tanager. 
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ticiucs.     xv-f67H  pp.,  :W6  flfra.    H".     Paria.     [W*.] 
1892.— Idem.    2.  M.,  xvi-|-767  pp.,  364  flga.    8°.    Paria.     [W.] 
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1892.— A  trealiae  on  the  para8it«e  and  paromtic  diseuea  of  the  domesticated 
animab.  Tmnelated  and  edited  by  George  Fleming,  xxiii+800  pp., 
3fM  figs.    8".    London.     [W.] 

VOH    NORDUANN,  ALBXAHOER. 

1832. — MikrographiBcho  Beitrage  mr  Natuigeschichte  der  wirbelloHen  Thiere. 
1.  Heit,  x+lIS  pp.,  10  piB.    4°.    Berlin.     [I4b.  Stilee.] 
Paroha,  Corrado. 

1885. — Di  alcuni  elminti  raccolti  nel  Sudan  orientale  da  O.  Beccari  e  P.  Magretti 
<Ann.  Mu8.  civ.  di  utoria  nat.  di  Genova,  v.  22,  2.  b.,  v.  2,  7  ottobre, 
pp.  42*-44,'>,  pis.  6-7,  figs.  1-25.     [W*.] 
1888. — Intorno  all'  Atcnrir  halicorin,  Owen,  ed  a  qualche  altro  nematode  rawoiti 
in  Aeaab  dal  llott.  V.  Ragazzi  <Ann.  Mas.  clv.  di  storianat.  di  Genova, 
V.  27,  2.  B.,  V.  7,  10  ottobre,  pp.  751-764.  figs.  1-5,  pi.  13,   figs.  1-16. 
[W.] 
1S89. — Sopra  alcuni  elminti  di  vertebrati  blrmani  raccolti  da'  Leonardo  Fea 
<Ann.  MuB.  civ.  diatorianat.  di  Genova,  v.  27,2.8.,  v.  7, 10-14 ottobre, 
pp.  766-780,  pi.  3,  flga.  1-18.     [W.] 
1894. — L'  elmintologia  italiana  da'  eiioi  prirai  tempi  all'  anno  1S90.    Storia  riete- 
matica,  corologia  e  bibliografia  <AttJ  r,  Univ.  di  Genova  (1804-96), 
V.  13,  733  pp.,  map.     [Lib.  Stilee.] 
Railliet,  A. 

1893.— Traits  de  Koolc^ie  niMicale  et  agricole.     2.  fd.,  tasc.  1.  736  pp.,  494  figs. 

8°.    Paris.     [W.} 
1898. — SyngamoBe  traeU-o-broncbique  de  I'oie  domestique  <Compt.  rend.  Soc. 
de  biol.,  Par.,  10.  a.,  v.  5  (13),  8  avril,  pp.  400^02.     [W,  W-.] 
Ranbou,  Bkavton  Howard. 

I904.'-Manaon's  tye  wonu  of  i^hickenn   [Oxi/gpirura  Mangimi),  with  a  general 
review  of  neniatodm  parasitic  in  the  eyeB  of  birds  <Bu1l.  60,  Bnreau 
Animal  Induft,  U.  S.  Dept.  Agric,  Wash.,  pp.  1-54,  flge.  1-40,  pi.  1. 
[WM 
Rayir,  p. 

1843. — Note  additiuniielle  eur  iwi  vers  olwerv**  dans  I'leil  ou  dans  I'orbite  des 
anioiaux  vcrtfbn^-s   r^Arch.  de  mM.  (»ini>.   (Bayer),   Par,,  v.   1,   pp. 
113-154.     [W-.] 
RrnoLPBi,  Karl  Abmund. 

1819. — I'^tozoonim  synopBls  rui  ac(;e<liint  niantlEsa  daplcx  et  indicee  locuple- 
tisaimj.     x-l  811  pp.,  3  pis.     8°.     Berolini.     [W.] 
ScHNBiDBB,  Anton. 

1866.— MonograiihieilerNeniatoilen.    viii-|-.S57pp.,  l.Wfigs.,  28  pis.    4*.  Boriin. 
[W.] 
Shipi^t,  Arthur  K. 

1903. — On  a  collection  of  iiarasitfS  from  the  Soudan  <An'h.  de  paraaitol.,  Par., 
V.  6  (4),  1"  (6v.,  pp.  604-612,  pi.  7,  flys.  1-9.     [W".] 
81BB0LD.     ' 

1837.— Zusatz  zum  vorhergclienden  Aufsatzo  [NatliUBius,  llennann,  1817,  pp. 
52-65]  <Arch.  t.  Naturg.,  Bert.,  4.  J.,  v.  1.  jip.  66-68.     [W.] 
Stossich,  Mic'hele. 

1897.- Filarie  e  wpiropkTe.     Lavoro  raonografico.     pp.   13-162.     8°.     Trieste. 

[Lib.  Stilw.] 
1898.— Idem.     <BolL.  .Swr.  ailriat.  di  bc.  nat.  in  Trieste,  v.  18,  pp.  13-162.     [W*.] 
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SroaniCH,  Micbkle— Continued. 

1809. — Stroi^ylidiP.     Lavoro  monograflco.     [Keprint  from  Boll.  Soc.  adriat  di 

BC.  nat.  in  Trici-w,  v.  19,  pp.  55-152.]    98  pp.    8°.    Trieste.     [Ub, 

Stilea.] 
1902.— Sopn  ak'uni  nematodi  della  collexione  eluiintologica  del  Prof.  Dott.  Cor- 

rado  Parona  <Aiti  S<k'.  Lijfiist.  d.  sc^  nat.  e.  geof^.,  Genova,  v.  13  (2), 

RJugno,  pp.  61-76,  piB.  3-5,  fipi.  1-38.     [W".] 
"C.  W.  \V." 

1891.— FiViirm  Mvli  in  a  parrot  <Ani.  Vet.  Rev.,  N.  Y.,  v.  15  (5),  Avg.,  p.  290. 

[W,  W-.l 

W.tLTKR,    H. 

1866.— Helttiintholngiache  Studien  <7.  Ber.  .  .  .  d.'Ofienbacher  Ver.  f.  Naturk. 
(1865-66),  pp.  51-79,  pi.  I,  ligB.  1-6.     [W-.] 
Wbstrdjib,  Alio.  Henb.  Li'oov. 

1821. — De  helminthilnis  acanthocephaliB.  Commeotatio  bUtorico-anatomica 
adnexo  rtTenau  animalium,  in  Muaeo  VindobonenBi  circa  belmiutbee 
diasectorain,  et  eitigularum  specierum  harum.  in  illie  repertarum.  2 
p.  I.,  85  pp.,  3  pie.    fol.    Honoveiw.     [Lib.  Stiles.] 
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NOTES  ON  THE  SPINY-SUCKERED  TAPEWORMS  OP 
CHICKENS 

aAVAIMEA  ECHISOBOTHRIDA  {=Um  imiOPUTK)  i\D  D.  mRAfiONA). 

By  B.  H.  Ransom.  B.  Be.,  A.  M., 
Scienlijic  Aieiitanl  in  Charge  of  Zoolo!fical  Laboratory,  Bureau  of  Animal  Industry. 

Authors  genenilly  have  looked  upon  Tsenla  hot/^pUtc^  Plana,  1881, 
a  spiny-suckered  tapeworm  producing  tubercle-like  nodules  in  tlie 
intestines  of  chickens,  as  synonymous  with  the  worm  very  incom- 
pletely described  by  Molin  (1858.  1861)  under  the  name  of  Txma 
tetra-gona.  Txnia  echhwhothrida  M^gnin  1880  has  also  been  consid- 
ered by  some  (Stiles,  1896,  p.  52)  to  belong  to  the  name  Hpet-iea,  but 
more  commonly  (Blanchard,  1891t,  pp.  433,  436;  Railliet,  1893,  pp. 
306-307)  recognized  as  distinct  from  tetraffona,  while  botrhj^li'ten  lias 
been  looked  upon  as  a  synonym  of  tetraffona. 

As  will  be  shown  in  this  paper  my  own  observations  have  led  me 
to  conclusions  in  regard  to  these  forms  somewhat  different  from 
any  yet  presented.  In  view  of  the  fact  that  one  of  the  worms  is 
responsible  for  a  serious  disease  of  chickens,  while  the  other,  with  - 
which  it  has  been  much  confused  in  the  past  on  account  of  its  great 
similarity  in  structure,  appears  to  be  comparatively  harmless,  I  believe 
a  detailed  discussion  of  my  investigations,  which  seem  to  clear  up  a 
number  of  obscure  points,  will  not  be  without  value  and  interest. 

QEITEBAI.  DISCtTSSION  AITD  HISTOIUCAI.  VIBV. 

In  connection  with  the  present  discussion  a  rather  extensive  con- 
sideration of  the  worms  in  question  from  the  historical  standpoint  is 
necessary,  and  to  this  purpose  I  have  quoted  liberally  from  the  com- 
prehensive review  given  by  Stiles  (1896).  That  author  (1890,  p.  50) 
comments  as  follows  on  the  original  description  of  Tmn'ia  t:tragmii 
Molin,  1858: 

Like  most  of  Molin'a  deecriptioiiB,  tbU  diagnosie  givea  us  but  little  iDformntion 
concerning  the  parasite  he  had  before  liim.  It  i^liould  l>e  noticed,  however,  that  he 
(probably  erroneuHslyidosfribee  the  rostellum  aa  unarmed,  the  neck  as  short  (a  char- 
.acter  of  little  or  no  value),  the  posterior  siigmeiita  eubqoadrate  and  imbricate,  the 
genital  pores  aa  unilutersl,  the  length  of  the  worm  as  12  mm.  to  90  mm.,  breadth  as 
2  mm.  In  other  words,  there  is  neither  a  single  distinetive  charadw  nor  a  collec- 
tion of  characters  given  in  this  diagnoeia.    Id  his  second  paper  (1861,  pp.  254^255, 
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pi.  7,  flgB.  5-8)  Molia  repeata  this  diagnosis,  gives  four  figures  of  the  worm  which 
are  almost  useless  except  fig.  7,  ia  which  the  genital  pores  ore  figured  in  the  middle 
of  the  lateral  maigin,  and  in  which  some  insularly  shaped  maeaee  are  drawn,  which 
evidently  lepreeent  egg  capsules.  He  also  adds  three  obeervalione  to  the  effect  that 
he  collected  42  specimeDs  from  one  chicken,  of  which  number  only  2  were  mature, 
the  others  being  very  small.  He  describee  a  mosaic  etructure  of  the  sqi^ent  caused 
by  egg  capBules,  each  of  which  contaioe  from  5  to  20  ova.  Although  the  roetellum  is 
unarmed,  the  form  differs  in  organization  from  the  other  unarmed  forms.  Tbeee 
are  all  the  characters  ever  given  by  Molin  to  the  speciee,  and  it  ntust,  indeed,  be 
admitted  that  they  are  not  sufficient  to  determine  any  worm  with  certainty.  Molin'e 
diagnofflB,  without  the  type  epecimens,  is  therefore  nseleas. 

In  addition  to  what  Stiles  has  given  it  may  be  noted  that  in  Molin's 
fig.  7  the  genital  pore  in  one  of  the  segmente  is  shown  at  the  middle  of 
the  lateral  margin;  in  the  other  two  slightl}-  in  front  of  the  middle.  It 
may  also  be  stated  here  that  a  portion  of  Molin's  original  material, 
presented  by  the  Vienna  Museum  tp  the  Bureau  of  Animal  Industry, 
is  preserved  in  the  Helminthological  Collection  of  the  latter,  No.  1389. 
An  examination  of  this  material,  however,  so  far  as  any  positive  resi.its 
regarding  T.  titragona  were  concerned,  proved  disappointing.  Only 
a  few  small  fragments  were  present,' evidently  rupiesenting  ijome  of 
the  fort}'  small  specimens  mentioned  by  Molin,  and  these  were  identical 
with  Hymenolepls  carluca  (Magalhdes,  1898).  Neither  of  the  two  lai^ 
worms  of  which  Molin  speaks  and  chiefly  upon  which  he  seems  to  have 
based  his  diagnosis  was  present.  If  still  in  existence  they  probably 
remain  with  the  rest  of  the  material  in  the  Vienna  Museum,  and  from 
these  onlj'  may  the  identity  of  Molin's  species  be  determined  with 
absolute  certainty. 

Stiles  (1896,  p.  50)  continues  his  discussion  as  follows: 

As  far  OS  any  original  obeervationa  are  concerned  Molin's  Hpecies  T,  tetragoTia  then 
rested  for  a  number  of  years.  In  IttSO  M^nin  ( 1880,  p.  119)  mentioned  T.  echino- 
bothrida  ■  ■  <.  In  1881  two  parasites  of  chickens,  very  similar  to  if  not  identical 
with  T.  telragona,  were  deacriljed  as  new.  M<''gnin  described  and  figured  T.  echino- 
boArida  as  a  new  species  with  the  characters  given  in  the  diagnosis  above  [Stiles, 
1SB6,  p.  49].  A  careful  study  of  both  figures  and  description  shows  that  the  most 
important  characters  at  present  to  be  considered  are  the  hooks  upon  the  rostellum, 
said  to  be  about  100  in  number,  8  fi  long,  the  rows  of  hooks  upon  the  suckers  (6-7 
rows),  those  of  the  middle  row  being  the  largest;  genital  pores  irregularly  alternate; 
^ge  90  ^  in  diamet«r,  spherical,  arranged  in  groups  of  6-7  in  roundish  egg  capsules. 

In  March  of  the  same  year  (1881)  Piana  (1882,  pp.  367-391,  1  pi.)  presented  a 
paper  before  the  Aceadi:mia  delle  Sdenze  Ji  Bologjia,  in  which  he  described  as  a  new 
species  T.  bothrifyplUit  [Tamia  MrioplUa  Piana,  1881,  pp.  84-85],  a  cestode  which  he 
found  causing  serious  damage  to  poultry,  producing  tubercles  in  the  intestine.  The 
chief  zoological  characters  taken  as  a  iianis  for  the  species  are  as  folloyrs: 

Head,  0.35  mm.  in  diameter;  retractile  hemispherical  rostetlum  armed  with  hooks 
(number  not  given,  but  evidently  ca.  200,  form  shown  in  drawing);  suckers  with 
seven  or  eight  concentric  rows  of  hooks  (form  as  per  drawing),  hooks  not  all  of  same 
siie;  neck  very  long,  containing  ovoid  cJilrareoiis  corpuscles;  genital  pores  unilateral, 
situated  somewhat  below  (distallyt  the  middle  of  the  lateral  maigin;  cirrus  short, 
pyriform;  ^gs  in  egg  sacs. 
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"  *  *  I^ADR  was  acquainted  with  M^gnin'e  paper,  but  separated  hie  form  from 
H^gnin's  spedee  chiefly  oa  account  of  the  form  of  the  hooks  on  the  nuckerB,  the 
number  of  the  hooke  on  the  roBtellum,  and  the  arrangement  of  the  genital  pores. 
Knbbe  (1B82,  pp.  361-362,  pi.  2,  flgg.  65-60)  published  as  Timia  Utragona  Molin 
some  cestodes  which  Fedschenko  had  found  in  chickens  in  Turkestan.  He  admits 
t^e  total  inadequacy  of  Molin's  fif("re^  t")*^  deecriptionB,  but  determines  his  speci- 
mens as  T.  Utragona  on  account  of  the  egg  capBulea.    The  characters  given  are  as 

Length  to  250  mm. ;  breadth,  1.6  mm.;  posterior  8^;meDta,  1.2  mm.  long  by  1.6  mm. 
broad.  Head  provided  with  a  short  and  broad  retractile  rostetium,  surrounded  by 
about  200hooka  arranged  in  a  double  row;  hooks  measured  6/(  loogfrom  the  apex  of 
the  proi^  to  the  end  of  the  dorsal  root;  ventral  root  11 /i  long;  suckers  surroonded  by 
several  rows  of  *  *  *  [variable  unstable  hooks  similar  to  those  of  T.  auttrolu.] 
GenitaJ  pores  onllateral;  cirrus  smowth,  21  fi  long  by  H/i  thick.'  f)ggs  arranged  in 
egg  sacs,  10-12  ova  in  a  group,  40  to  ca.  90  groups  in  a  segment. 

Since  Krabbe's  paper,  authors  haveasa  rule  accepte<l  T.  Utragona  t»  a  good  species. 
Blanchard  (1881,  pp.  433,  4.36)  recognized  Ii.  echinobothrida  aa  a  distinct  species; 
recognized  D.  ietragona  (Molln)  as  valid,  and  made  T.  bothrioptitU  a  synonym  of 
D.  Iftragona.  Grassi  &  Bovelli  (1S92,  p.  S4)  claim  to  have  recognized  both  T.  tefra- 
gona  Molin  and  T.  both-rhp/itU  Plana,  and  state  that  they  have  found  both  forms; 
T.  erkinobolhrida  Mi^gnin  they  did  not  find,  but  they  think  it  is  possibly  identical 
with  T.biAhHoplUuyiaa&.     Railliet(189S,pp.306-307)ha«followedBl«nch8rd  (1891). 

From  the  above  it  is  questionable  whether  Molin's  specific  name  tdragona  can  be 
retained  unless  the  originals  can  be  found  and  redescribed,  for  the  description  given  by 
Molin  is  anrecognizable  without  the  types.  It  might  possibly  be  retained  upon  the 
ground  that  it  is  impossible  to  show  that  T.  telragoiia  of  present  authors  is  not  iden- 
tical with  T.  Mmgona  Molin.  I  refrain  temporarily  from  suppressing  the  name,  aa 
I  hope  the  types  may  be  reexamined.  Krabbe's  descTiption  of  IT.  (rtrajonii  can  hardly 
be  taken  into  consideration  in  this  question,  as  there  is  nothing  to  show  that  his 
specimens  are  identical  with  Molin's  forms,  and  as  Krslilic  himself  admits  the  use- 
leasness  of  Molin's  description  an<l  f  gures.  The  differences  between  the  Bi)e<'ies 
described  by  these  three  authors  (M^nin,  Piana,  and  Krabhe)  are  very  slight  and 
can  for  the  most  part  be  explained  by  contraction,  insufficiency  of  materia),  and  lack 
of  details.  Tbe  description  of  the  hooks  of  the  suckers  of  T.  echinoboihrida  (ss  being 
so  simple)  should,  I  believe,  be  taken  with  reserve.  The  hooks  are  very  small  and 
not  easily  studied.  Tbe  fact  that  the  genital  pores  are  described  as  irregularly  alter- 
nate by  M^;nin  and  unilateral  by  Piana  and  Krabbe  is  not,  in  my  opinion,  a  serious 
difference  in  this  genus.  This  opinion,  radical  as  it  may  appear,  is  based  upon  the 
following  observations; 

The  worms  which  Doctor  Mooro  found  producing  a  nodular  disease  in  chickens 
give  rise  to  the  saine  pathological  conditions  as  the  form  described  by  I'iana,  and 
agree  with  Piana's  species  in  regard  to  the  armed  rostellum,  the  form  and  size  of  the 
hooks,  both  on  the  rostellum  and  suckers,  and  in  almost  every  other  character  men- 
tioned by  Piana.  The  genital  pores  vary  in  different  specimens.  In  some  speci- 
mens they  are  entirely  unilateral;  in  other  specimens  all  but  one  or  two  may  be  on 
the  same  side  of  the  worm,  in  fact  it  is  often  necessary  to  mount  the  entire  strobila 
before  it  Is  possible  to  find  an  sltemating  pore;  in  still  other  specimens  the  pores 
are  extremely  irregular.  The  specimens  with  irregularly  alternate  genital  pores 
agree  in  all  other  respects,  so  far  as  I  can  see,  with  Piana's  form.  The  only  differ- 
ence between  these  specimens  and  M^nin's  description  appears  to  be  ( 1 )  the  num- 
ber of  hooks  upon  the  rostellum  (M^gnin  estimates  them  at  about  100,  the  American 
form  possesses  ca.  200-208);  (2)  the  form  of  the  hooks  on  the  suckers  (in  M£gnin's 
form  the  largest  hooks  are  in  the  center  row,  in  the  American  form  the  largest 
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hooks  are  those  of  the  external  row).  This  latter  point  of  difference  should  not  be 
given  too  much  weight,  aa  Mi'giiin  evidently  made  no  microtome  sections,  and  this 
point  could  hardly  lie  establiiihed  definitely  otherwise. 

In  short,  I  incline  to  the  belief  that  Utragona,  echi»obothrida,  and  hothrioplUU  all 
represent  one  and  the  same  species. 

1  hsve  had  opportunity  to  examine  a  large  amount  of  tapeworm 
material  collecte<l  from  chickens  in  various  parb^  of  the  United  States, 


and  so  far  have  found  five  distinct  species — HymenoleplM  eariooa, 
Ghoanotxnia  infundlbul iformii*,  Davalnea  cextk-lUm,  and  two  spiny- 
suckered  forms.     The  last  are  fairl}'  common  and  occasionally  occur 


"^ 


together  in  the  same  host.  They  are  very  similar  to  each  other  in 
size  and  general  appearance,  possessing,  hesidci  armed  suckers,  hooks 
on  the  rostGllum,  and  numeixms  egg  capsules.  They  show,  however, 
certain  distinct  aoatomical  differences  and,  what  is  ImportAnt,  differ 
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very  materially  in  their  effects  apon  their  hosts.  One  of  them  is  the 
form  found  by  Moore  (1895)  producing  nodules  in  the  intestines  of 
chickens,  and  considered  by  Stiles  (1S96)  identical  with  T.  botrioplites 
EHana  as  well  as  with  T.  eehitwbothrida  M^gnin  and  T.  tetragona  Molin 
of  Krabbe.  There  can  scarcely  be  any  question  as  to  the  identity  of 
this  form  with  the  European  species  hotriopliten.  Not  only  does  it 
and  the  intestinal  lesions  produced  by  it  agree  perfectly  with  Fiana's 
description,  as  Stiles  has  remarked,  but  it  also  agrees  with  specimens 
[B.  A.  L  Collection  No.  1069]  which  I  have  examined  of  tapeworms 
collected  from  chickens  in  Genoa  and  identified  by  Parona  as  T. 
ioti-wplitia.  With  these  specimens  is  a  piece  of  intestine  showing  the 
characteristic  nodules.  There  is  also  perfect  correspondence  with  the 
descriptions  of  the  worms  producing  similar  lesions  found  by  S£tz 
(1898)  and  other  European  authors.    This  species  is  characterized  in 
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Via.  4S,— Hooka  from  the  Barken 
of  liavaifieii  tetragona.  En. 
lufed.    Original. 

part  by  the  possession  on  the  roatellum  of  a  double  row  of  about  200 
hooks,  10  to  13  /J  long  (extreme  length  as  measured  in  isolated  hooks), 
and  on  the  suckers  a  number  of  rows  of  hooka  of  variable  size,  the 
smallest  6  M  and  the  largest  12  to  15  >*  in  extreme  length.  The  gen- 
ital pores  of  this  species,  usually  irregularly  alternate,  are  situated 
behind  the  middle  of  the  lateral  margin  of  the  segments,  and  the 
cirrus  pouch  is  large,  measuring  130  to  180  ;<  in  length.  In  con- 
tracted specimens  the  neck  is  very  thickset,  and  the  head  in  geneial 
is  exactly  similar  in  appearance  to  M^gnin's  figure  of  the  bead  of 
T.  echhwlothrida  (Mi<gnin,  1881,  pi.  5,  fig.  2). 

The  other  species  of  spiny-siickered  worm  occurring  in  American 
chickens  possesses  a  less  conspicuous  rostelluni  than  the  first  form.  It 
is  armed  with  a  single  crown  of  about  100  hooks,  which  measure  in 
extreme  length  6  to  8  /*,  and  acetabular  books  3  to  8  /^  long.  The 
genital  pores  are  generally  unilateral,  and  are  situated  in  front  of  or 
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at  the  middle  of  the  lateral  margin  of  the  segments.  The  cirrus 
pouch  is  Bmall,  measuring  75  to  100  fi  in  length.  This  species  also 
shows  an  important  difference  from  the  other  in  that  it  does  not  seem 
to  produce  ntHltilos  in  the  int^^stine  of  \iji  host,  so  far  at  least  a^  my 
observations  go.     This  is  probably  to  be  explained  by  the  smatler  size 


iproducllTe  orgaiu.    Enlarged, 

of  the  h<K)k.s.  It  may  also  be  remarked  here  that  nodules  are  not 
always  t<>  !«  found  H.ssociated  with  the  presence  of  the  former  species; 
oawes  are  frequently  seen  in  which  the  adult  worms  occur  without 
apparent  intentinal  kstons.  It  Ih  especially'  in  association  with  the 
presence  of  young  worms  tliat  nodule.i  ai-e  found. 

Although  M^gnin's  descrip- 
tion of  T.  echinobothrlda  leaves 
much  to  be  desired,  1  believe  it 
is  sufficiently  distinct,  all  things 
considered  and  making  allow- 
ances for  possible  errors  of  in- 
terpretation by  M^gnin,  to 
enable  us  to  state  with  tolerable 
certainty  that  T.  echwobothri^ 
and  T.  botrioplites  are  one  and 
the  same  form.  It  further  seems  evident  that  Krahbe  (1882)  based  his 
description  of  T.  tetrngona  partly  on  specimens  of  echinofiothrida  and 
partly  on  specimens  of  the  small-hooked  form.  The  details  concerning 
the  head:  200  hooks  arranged  in  a  double  row  on  the  rostellum;  the 
hooks  ti  /<  long  from  the  apex  of  the  prong  to  the  end  of  the  dorsal 
root;  ventral  root  11  /<  long,  certainly  correspond  moreinearly  to  the 
former  species,  while  the  unilateral  arrangement  of  the  genital  pores 
agrees  more  closely  with  the  normal  condition  in  the  latter.  Krabbe's 
drawings  of  segments  also  suggest  the  latter  species  in  that  the  genital 
pore  in  both  drawings  is  farther  anterior  than  is  normal  in  echinobo- 
thrid<(,  and  the  cirrus  pouch  is  much  too  small  for  echinoboihtHda, 
although,  to  judge  from  the  scale  of  magnification  given  by  Krabbe, 
slightly  ki^er  than  is  usual  in  the  small-hooked  species. 
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The  extensive   description   and   nnmerous  figures,  which   Filippi 
(18&2B,  pp.  75-78,  figs.  1-4;  1892c,  pp.  2+9-29-t,  pis.  1-10)  gives  of  a 
chicken  tapeworm  identilied  by  hiin  »s  Taenia  hotkrtopUti«,  show  very 
clearly  that  the  specimens  which  he  studied  did  not  belong  to  the 
species  named,  but  to  the  small- 
hooked  species,  DavaiTuta  tetragona. 
Returning  now  to  Molin's  descrip- 
tion of  T.  tt'tragona,  we  have  the 
following  possibilities  to   consider 
in  connection  with  the  question  of 
the  identity  of  the  worms  studied 
by  him:  (1)  Are  thev  identical  with 

T.     echmohothrula      M^nun?      (2)  Eni«.K«i-  ortKiiml. 

Are  they  identical  with  the  small- 
hooked  species  mentioned  in  this  paper  J     (3)  Were  specimens  of  both 
species  present  in  Molin's  materiaU     (4)  Were  specimens  of  neither 
species  under  discussion  but  of  a  similar  species  present?     (.5)  In  addi- 
tion to  specimens  of  one  or  both  of  the  forms  under  discussion,  or  of  a 
similar  species,    were 
specimens  of  still  other 
species  present? 

The  last  possibility  has 
alreadj'  Wen  shown  to  be 
true  by  the  fact  that  the 
original  mater iiil  upon 
which  Molin  based  his 
species   contained  speci- 

FiQ.W. — Gravid  pej^mont  of  ;>mi/jifnf-*AmoftoWfWn.  Knlarin><l.  t    tt  i       ' 

u,,uji,,]  mens  of  Jiijmfnolifpie  at- 

rioca.  It  seems  not  im- 
probable, moreover,  that  hts  actually  ba.sed  his  description  and  draw- 
ing (1861,  pi.  7,  tig.  ti)  of  the  head  of  T.  Mraijomi  on  specimens  of 
S.  carioca,  in  which  the  head  is  small,  globose,  and  unarmed." 

^In  a  former  paper  (Bansom,  1902)  I  sUttil  that  in  a  lieail  sectioned  in  Ritu  witli 
a  piece  of  intestine  the  suckers  were  Hnned  with  small  hooks.  All  other  HpecimeDS 
of  the  head  ot  If.  cajioca  which  I  have  seen  showed  no  traces  of  hooks  eitlier  on  the 
aucken  or  on  the  rostellum.  It  was  then  my  opinion  that  in  the  latter,  hooks  had 
probably  been  present  at  one  tJmc,  but  on  account  of  their  unstable  nature  had  been 
lost.  Further  study  has,  however,  since  shown  that  the  hooks  seen  upon  the  head  in 
qtiedtion  are  the  game  as  those  of  the  small-hooke<l  tapeworm  discussed  in  this  paper. 
This  one  bead,  therefore,  belonfied  to  the  small-hooked  s]>ecies  of  spiny- suckered 
tapewonn,  and,  consequently,  so  far  as  our  present  knowledge  goes,  the  head  of 
H.  earioca  is  never  armed.  The  only  pOHsible  evidence  to  the  contrary  we  now 
possess  is  the  statement  oC  Magalh&es  (1K98,  p.  450)  that  he  believed  be  saw  in  one 
specimen  what  appeared  to  l>e  little  spines  on  the  surface  of  the  scoles  near  the  inner 
posterior  borders  of  the  suckers.  ?Ie  wai',  however,  doubtful  on  this  point,  and, 
moreover,  found  no  trace  of  hooks  on  any  other  specimens  examined. 


.oogle 


62  BUREAU   OF   ANIMAL   INDUSTRY. 

Concerning  the  possibility,  first,  that  the  original  T.  tetragorut  is  iden- 
tical with  T.  tchiiwhotkrida^  there  is  nothing  to  show  absolutely,  with 
our  present  knowledge,  and  without  further  examination  of  the  type 
material,  that  such  is  not  the  case.  Since,  however,  the  genital  pores 
are  described  as  unilateral  and  since  their  position  is  indicated  at  or  in 
front  of  the  middle  of  the  lateral  margin  in  Molin's  figure  7,  the  second 
possibility  that  Molin  had  before  him  specimens  of  the  .spiny-suckered 
worm,  with  small  hooks,  sftems  more  probable. 

With  i-egard  to  the  third  possibility  that  specimens  of  both  species 
were  present  in  Molin's  material,  it  may  be  said  that  in  such  case  the 
small-hooked  species  should  bear 
the  name  tetrago7ui,  since  the 
other  form  was  eliminated  by 
M^gnin  when  he  applied  to  it 
the  name  of  echinohotlirida. 

The  fourth  possibility  scarcely 
needs  to  be  considered  at  present. 


So  far  as  we  know  only  two  (unless  D.  jxiraechlnohothrlda  MagalhSes 
represent  a  third)  species  of  tapeworm  agreeing  at  all  with  Molin's 
di^nosis  occur  in  chickens,  and  unless  on  examination  of  his  type- 
spet^imens  it  is  found  that  the  original  tetragona  is  different  from 
either,  one  of  them  should  be  so  designated. 

Not  only,  then,  does  the  small-hooked  species  correspond  rather 
better  than  the  large-hooked  species  to  Molin's  original  diagnosis,  but 
the  latter,  as  already  said,  has  been  eliminated  as  echhi<^thrida,  and 
so  far  as  any  present  knowledge  goes  can  not  come  into  consideration. 
Until  it  ixi  shown,  therefore,  on  further  examination  of  the  typo-spec- 
imens that  echiiiol>othr'ida.  is  identical  with  the  original  teiragona,  or 
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that  neither  of  the  forms  under  discussion  is  represented  in  the  orig- 
inal material,  we  are  not  only  fully  justified  in  a  provii^ional  identiti- 
oation  of  the  .small -booked  form  as  titragonu^  but  in  view  of  the 
apparent  facts  in  the  case  we  have  left  practically  no  alternative. 

It  may  be  noticed  here  that  M^alhSes  (1898,  pp.  442-143,  444)  has 
mentioned  a  tapeworm  of  Brazilian  chiekons  which  he  would  identify 
with  Da^yaitwa  echinobotlu'ida  were  it  not  for  the  fact  that  it  possesses 
unilatei-al  genital  pores,  but  on  that  account  he  would  separate  it 
under  the  name  D.  puraefKinohothrida.  Whether  in  reality  this 
form  represents  a  distinct  species,  or  whether  it  is  identical  with  D. 
Utragatw,  or  whether,  perhaps,  it  should  be  considered  on!y  a  variation 
of  ech'inohothrida  can  only  be  decided  when  further  details  of  its  anat- 
omy are  known.  The  occurrence  of  D.  ieiragona  in  Brazilian  chick- 
ens is  established  by  specimens  of  this  species  in  the  Hcimiuthological 
Collection  of  the  Bureau  of  Animal  Industry,  No.  1388.  These  speci- 
mens, presented  by  the  Vienna  Museum,  were  labeled  "T^nia  sp. 
Intest.  GalhiH  fjidVnuic«n«  dotn.  Brasilien  (Natterer)." 

The  specific  characters  of  D.  tftragona  and  D.  echiiwfiothrida  are 
given  in  the  following  diagnoses: 


(MiiLiN,  1858)  Blanchard,  1891. 

(Figs.  41,  48,  45.  47.  «,  51.) 
ETHOSOKY   IND  BlBLIUQHAPHV 

1888;  Tsmia  UXragtma  Kous,  18S8,  p.  ISB  [a  portion  ol  the  original  material,  B.  A.  I.  No.  1S8».  eonnl»t» 
of  irvmcaolrpia  mribm).— Idem,  18C1,  pp.  2M-25fi.  pi.  7,  flgit  B-s!— P01.0N10.  1860,  p.  221.— 
D[EIING,  18C3b,  p.  402.— KsABBE,  1869,  p.  341.— tl>rj<,  1S82,  pp.  301-362,  pi.  2,  flga.  &a-60  [in 
put|.— PiAMA.  1882,  p.  S93.~-Railliet.  1886,  p.  ZbB.— IDEH,  1S93,  p.  SOS  [as  nyiionyni  of 
/>a<Qln>aCrim,7onri].— NmUANN,  1888,  p.  429.— iDEH,  1892,  [Prenrh  cd.],  p.  4f>6.— Iueh,  18»2 
[Eng.  e<I.],p.  478.— «B*ssi&RovKLLi,1892a,  pp.  *4,M,— DoLj,EY,  ISMn,  p,  1017.— Moslbb  & 
PKiFKK,1894.p,  10.— BHArN,l^<%b,pp.l94-19fi(inpen].-«CHNK[DEllOItI.,18B3,p.290.-W[I.EB. 
1896,  pp.  49,  50,.'>lS2[HSBynDnynkor  Daeaiitatiaraffoaaj.—HTomica,  I8!>!>.  p.  43  [aaBynonymoI 
Dni'Ofiwa  (dmsminl.- IDEM.  1898,  p.  110  [asaynonjrmotD.  (dmffonal,- HoiiHEHo,  1898a,  pp. 
154,155-17t,17B,  170,  177,  178,179.  180.  181,182,183,  lM,186,187,p].ID,flg8.2-7,  pi.  11.  flgB.  15-22. 

1891:  itaiti/itcu  tara-jona  Blancharp,  18911.  p.  436,  flg.  1&  [in  pari).— Idih,  1899d,  pp.  211,  215,216, 
217  [ill  peril.- Railuct.  1893,  pp.  305. 306  [in  pert) ,— Mobell.  1895,  pp.  95.  99,  too.— Siowich, 
1895.  p,  43  [in  part].— STILEH.  1896,  pp.  10, 12, 16,  46.  49.  50,  C,  pi.  IT,  flga.  219-2^,  pi.  18,  flgn 
Zat-ZUlinpartl.- DiAHARE,  1898a, pp. 480-483.^ STomrcH,  1898,  p.  110  [In  pen].- IIouBKRO, 
1899a,  p.  174,— LOhe,  1900,  p.  9.!.- Pabona,  C,  1901,  p.  6.— Gbdoeibt,  1903a,  p.  S2. 

I89i:  TicalabolrlopiUliot  FtLIPrt,  1892a,  pp.  7.V78,  pi.  1,  flgn.  1-1  [not  Ticaiu  balriaplilra  l'\ann.  1881]. 

1  m:  ncxia  bolhrioplttit  of  F[LIPF1,  IR92(',  pp.  2I9-29I.  pis.  1-10  [not  Ttoiui  bolrioplllet  liana,  ISMl]. 

1891*:  iJoroinnra  (iJrainmo  Diamahe,  1898.  pp.  480-183  [mitjiTinttoT  J>amiiiealctragana\. 

1898;  Davalifa  pararrhianbeHiriila  ['IgynoDym  of  Uaraiaraletragojia]  MaoalhIeb,  1698,  pp.  143, 444.— 
Blahcdabp,  lS»9a,  p.  -m. 

1901:  TKaia  (Darainta)  tdragimrt  Vaullegeahd,  1901,  p.  108. 

Spbtific  diaqnosm. — Dai-ainea:  10  U>  250  mm.  long  by  1  to  4  mm.  broad,  these 
dimensions  varying  with  age  and  state  of  contraction.  Head  {fig.  41)  175  to  350/* 
in  diameter,  with  retractile  rostelhim  fiO  to  70  u  in  diameter,  armed  with  a  crown  of 
about  100  hooka  arranged  in  a  single  row.  Suckers  oval,  50  to  90  u  in  diameter, 
armed  with  8  to  10  mws  of  hooks.  RoHtellar  hooks  (fig.  4:t)  6  to  S  u  long  through 
longest  axis,  hammer-ehaped,  with  long  ventral  root  and  short  dorsal  root,  prong 
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■hort  and  recurved.  Acetebnlu- hooka  (fig.  45)  of  various  oizes,  from  3  to  8  m,  meas- 
□red  through  longest  axis,  with  long,  thora-like  prong,  dorsal  root  very  Bhort,  ven- 
tral root  longer  than  dorsal  root,  but  shorter  than  prong.  Neck  usu&lly  long  and 
Blender.  Segments  (figfl-  47,  49)  trapezoidal  and  imbricate,  edge  of  strobiU  aerrate. 
Ultimate  segments  usually  longer  than  broad,  bell-shaped.  Genital  pores  unilateral, 
situated  at  or  In  front  of  the  middle  of  the  lateral  mai^n,  frequently  marked  by  a 
papilla,  Male  and  female  canals  poaa  on  the  doraal  side  of  the  nerve  and  excretory 
veesele. 

Italegemtalia  (flga.  47,51):  Testes  20  to  30  in  median  field  surrounding  the  lemale 
glands,  moet  of  them  lying  on  the  aporofle  side  of  the  latter.  Vas  deferens  lies  ii 
anterior  third  of  segment,  h^ns  near  the  median  line,  and  extends  in  a  much  con 
voluted  course  laterally  to  the  hase  of  the  cirrus  pouch,  which  it  enters  and  after  a 
few  coils  In  the  basal  portion  of  the  latter  becomes  transformed  into  the  cirrtis. 
Cirrus  pouch  (fig.  61 )  pyriform,  75  to  100 /i  in  length.  Basal  portion  surrounded  by  a 
prominent  layer  of  longitudinal  muscular  fibers,  neck  with  a  thick  layerof  tninsverse 
fibers.     Cirrus  without  apparent  spinefl. 

JVmofejwiitalia  (figs.  47,49):  Ovary  in  middle  of  segment.  Yolk  gland  posterior  of 
ovary,  irr^ularly  reniform,  slightly  longer  in  its  transverse  axis,  about  100  u  in  diam- 
eter. Shell  gland  prominent,  50  ^  in  diameter,  immediately  in  front  of  yolk  gland. 
Vapna  begins  at  the  genital  pore  poet«rior  of  opening  of  cirrus  pouch,  at  first  very 
slender,  but  at  a  distance  of  15  lo  25  u  swells  out  into  a  thin-walled  tube,  functioning 
as  a  seminal  receptacle,  which  aiteuds  transversely  aeroHs  the  segment  and  joins  the 
ovidnct  on  the  ilorsal  side  of  the  ovary  near  the  tne<lian  line.  The  oviduct  after 
being  joined  in  the  shell  gland  by  the  vitelloduct  proceeds  forward  and  ends  on 
the  dorsal  nde  of  the  ovary.  A  definite  and  persistent  uterus  is  not  developed. 
The  eggs  as  they  pass  from  the  distal  end  of  the  oviduct  become  embedded  in  a 
fibrous  and  granular  mass,  which  gradually  fills  up  most  of  tbe  segment.  This  mass 
divides  into  50  to  100  portions  to  form  egg  capsules  (fig.  49),  each  surrounded  by  a 
membrane  and  containing  6  to  12  or  more  eggs.  The  ^g  is  surrounded  by  three 
envelopes,  an  inner,  close  to  the  onchosphere;  a  middle,  folded;  and  a  smooth  outer 
envelope.  The  onchosphere  measures  10  to  14  m  in  diameter,  the  outer  envelope 
from  25  to  50  Ii. 

LiFB  iiiHTdRv:  Unknown. 

Host:  Chickens. 

Pathological  bffeck:  So  far  as  known,  very  slight 

Gboqraphical  DiOTRiBtmoN;  Europe;  Asia;  North  and  South  America. 

DaVAIHEA  ECHINOBomRIDA  (Mehnin,  1R80)   Blanchard,  1801. 


188D:  Tavia  ittfundOndiformit  [in  part]  a[  MfcONiN.  lH8a,  pp,  3M,  3M.— Idkm.  1K80,  p.  T16.— iDKir,  1S81, 
pp.  125-126.— Stiieb.  1S96,  p.  49  [tavmonjmol  DavalneatchmoboUiTvta]. 

ISSl:  Tienia  aUiinabothrida  litonin,  IHSO,  pp,  119.  UO.— Idih,  18S1,  pp.  35-38;  pi.  5.  flgs.  1-tl,— Piana 
1882,  pp.  B91-3K.— Railliet.  18«a,  p,  K7.— IDBM,  1»9S,  p.  SOS  [aa  synonj-m  ol  Dorainca  erMii- 
oboUri'la].— NEfHANN.  1)t88,  p.  430.~lDEll,  1892  [French  ed.].  p.  «£.— iDEH.  1892  |Eng.  ed.|, 
pp.  479-480.— Crash;  &  Rovelli,  1892a,  pp.  M.  85  [a*  po»lble  synonym  al  limla  baUtrin- 
piftto).— DoLLET.lSSla,  p.  I0I1.— MOSRLL.  1896,  p.se.-SriLBfl,  1(198,  pp.  49,  60,  51. 52  [as  bjto- 
nym  o[  Daminra  efhlnobolhrida]. 

1881:  7teTifa«Wnoto(rtrfaMtOMm.  1881.  p.  44  [misprint  tor  Iteiria  wftinoftoMrtda] .— Pirboncito,  1886, 
p.2ti  [mlaprinl]. 

1881:  J\miaio(riopliltl PIUHA,  1881,  pp. 84-85  [mlBpiliit  for  T)ralnbo(rioj>liln], 

1882;  ntnia  botriapiitwFiAiii.  1882,  pp.  887-395,1  pi.— Pkhhoncito,  1882.  p.  211.— Idem  [t  1901] , p. M8.— 
8TOB81CQ.  1889.  p.  SO,— Idem,  189[,  p.  114.— PASaiTALS,  1890,  p.  909,— FiLirri,  1892c,  p,  250.— 
ScAOUOBi,  1896,  pp.  538-M6,  pi.  10,  flgs.  1-2. 

1882:  Taraia  lelragoaa  Uolik  ot  Kbabb*,  1882,  pp,  Kl-3^  pi.  2.  Bgt.  U-SD  [In  put],— Bbadh,  ISDGa, ' 
pp,  191,195  [in  part]. 
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IS*:  TStbiVi  bolliTiopiaU  RilLUKT,  IKM.  p.  J6T  [oithosnphic  emendation  of  botrwpliHi].—Sa'iiAiin, 
IfHi.  pp.  4»-t3a.— Idem.  uM  (French  ed.].  p.  <M.— Idem,  ISS!  [Eng.  ed.].  p.  478.— Okami  & 
ROVELLI.  1)»2a.  pp.  U,  W.  SD-M.— HOQKB,  IHM.  pp.  1,  8.— HuHKLL,  18%,  pp.  96.  K,  >;.  M.  M, 
loo.— Stiles.  1M6.  pp.  )8,4»,B1,K  (anymmrinof /Innitoni  tefropoiia).— Stikb*.  1»Q0,  p.<».— 
PKkHoNaro  [T  IMl).  p.  :M8  |u  ■rnonrmof  nrnfa  IttragoHa  MiiopUtii].— HoLWiko,  ISVSa, 
p.  IM  [us  Bytionyiii  of  nmto  letTr^/tma]. 
IWte;  rrnia  bu(>-fnp(flti  PuROKCiTO,  1886,  p.  MA  [mlgpritit  fnr  Tlmia  butrUiplaU]. 

ISSIt  IKimfnra  f<-AinabalArida   Blinchikd,  189It,   p.  438,  flg.  «.— Idek,  IHWd,  pp.  114.  Illi.  217.— 
RlltLtCT.  1898.  pp.  SOS,  8M.— Moomi,  1W5.  p.  3.— Stilei,  1896,  pp.  10,  4fl,  4»,  BO,  C,  pi.  17.  (IgB. 
XIT-21^— MaGALHJis,  189*,  p.  442.--OKI>OILI<T,  IKSa,  p.  32. 
1X91:  Daninra  telraffona  Bijincharii.  IMIt.  p.  438,  Dg.  IS  [la  part].— Idem,  138M,  pp.  211,  215,  218, 
217  [Id  part].— RiiLLiET,  1898.  pp.  8C6,  806  [In  pmrt].— Uouhb,  IhS^.  p,  3.— ernasicH.  18»f>,  p.43 
[Id  pan].— I  Din,  1898,  p,  110  [In  part] .— STILm,  189a,  pp.  10,  12.  15,  (d,  49,  M,  C,  pi.  17,  flgi. 
219-227;  pl.l8,  fl«B.22tl-235  [In  part].— Rin,  ISM.  pp.  89-73.  Ilgs.  2-^.— IPIH,  1900,  pp.  232-233,- 
MlHOAIIISI,  1900,  pp.  134, 181,  !».  184.  Bg.  10.— Pekbuncito  [T  1901].  p.  268  [an  BynoQyin  of 
IVnfa  Ittragtma  MrioplUU]. 
1891:  rjpni'.i  haaHopUtfi   BL:tncHi.KD.  183U,  p.  438    [Drtlin«raphlc   emcDdatlon  of   bBtriOfiUrt:  M 
lynonymol  Dm-aiiua  IHrago«a\.—\titM.  \>!»M,  p.  ilb  [as  i>7nonym  a[  IHivaiiuatetTagmui],— 
RAI[.UEr,l893.p.3U6[ai>yn[)n>-moIJ^iiii>Harrfra0oiia],— eroaiCB,  189{>,  p.  43  {aa  lynoDyiii 
otitai1liMa(rtraifona],— IDIM,  IMS,  p.llO  [in  aynonym  of  itanrtnea  l*(mp(ma|.— eritm,  1808, 
pp.  49,  M  [ae  sj-uonj-in  of  Davaiitfa  lelragona] . 
1894:  TUnio  botryopan  Dolley,  1891a,  p.  1013  [misprint  lor  TVnCa  batriopUlU). 
ll<9n:  [n^in]  iMtrfupAilffia  iiriaLtbai.  1898.  p.  889  (misprint  Iot  t>ufr<upt(»>] . 
IHSK:  £iRni/Nfnl>yArJ'>p<llJtMAUiLHIQ.  1898,  pp.  442.  443.  444. 
1898:  flaminea  pararchinatvlhrlita  [Tdynonymot  J^amlnni  rrAinuftoUruto]  UAoiLHIxa,  1898.  pp,U3, 

444— BlaNcharb,  18»9a,  p.  217. 
[liaOl]:  T>n/n  Irlrapona  bufHopfilil  Pekhohcito  [1 1901] .  p.  208. 

SpBCinc  DiA(iKo8ia. — Darainea:  Length  to  250  u;  width  1  to  4  lum.  Head  (fig. 
42)  £50  to  450,  u  in  dUiueter  with  KtractJIe  roetellum  100  to  150  u  in  diameter,  Brm«d 
with  a  crown  of  about  200  hooka  arranged  in  two  ranks.  .Suckcre  round  or  oval,  90 
to 200^  in  diameter,  armeil  with  8  to  10  rows  of  hookH.  EoHtellar  hooka  {%.  44) 
cimilar  in  type  to  tho80  of  J>.  Mragoun  hut  larger,  meaeuriog  10  (o  13  fi  in  length. 
.-Vcetabulsr  hookn  |  tig.  4tt)  likewiae  aimilar  to  those  of  D.  Irtragnna  but  bIho  larger, 
the  Ui^'Mt  niwtfuring  from  12  to  15  u  over  all  and  the  smallest  6  li.  Neck  generally 
thicker  and  shorter  than  that  of  D.  Idnigima,  tre<]uently  ei]ual  in  width  to  the  head. 
Strobila  reaenibling  that  of  tflr/igoiui,  but  with  serrate  border  more  pronounced. 
Ultimate  pegnients  in  pre^rved  apeciuiene  differ  also  from  those  of  Utragonii,  being 
leiM  elongate  and  frequently  marked  by  a  median  con!<triction.  Owing  to  this  ron- 
tilriution  the  ailjacent  borders  of  the  moat  posterior  segments  pull  apart  in  the  nwdian 
line  and  n^oiain  joined  only  toward  the  eidee,  giving  rise  to  a  median  series  of 
openings  through  the  posterior  jmrtion  of  the  etrobila,  Geuital  pores  irregularly 
alternate,  or  sonietimeH  almost  entirely  unilateral,  situated  posterior  of  the  middle 
of  the  lateral  margin  (figB.  48,50).  Male  and  female  canals  pass  on  the  dorsal  side 
ol  the  nerve  and  excretory  vessels. 

Male  geniliilia  {6ge.  4H,n2) :  Testes  20  to 30,  arrange<i  in  median  field  aa  in  Iftmgona. 
Vaa  deferens  Mmilar  to  that  of  (efniffOTid.  Cirrua  pouch  (lig.i'i2)  flaak-shaped,  130  to 
180;*  in  length.  Basal  portion  globular  or  ovoid,  surrounded  by  a  thick  layer  (10  u) 
of  longitudinal  mufc'ie  f!l>erH,  insideof  which  i8  8thicklayer(15  to20^)  of  transverae 
fibers.  Neck  of  pouch  measures  50  to  75  u  in  length  by  15  to  20  h  in  diameter,  sur- 
rounded by  a  layer  of  transverse  fibers,  tliickened  at  the  distal  end  of  the  jH>uch  to 
form  a  sphincter.     According  to  Mf'gnin  the  cirrus  is  armed  with  minute  spines. 

Fema!<  genitiilia  (figs.  4K,50):  Female  organs  as  in  D.  letragona.  Kggs  similar  in 
size  and  structure. 

Lire  HisTOHV:  Unknown.  According  to  Hana  (1882)  its  auppoeed  larva  occura  in 
snails. 

Host:  Chickens. 

Pathological  effects:  Produces  a  nodular  disease  of  the  amall  intestine. 
Geooraphical  utsTHiHVTio.v:  Europe;  Asia;  Africa  (Pasquale,  1890);  North  and 
South  America. 
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V.  10  (11),  Aug.,  pp.  230-233.     [W',  W-.] 

St-AGUOSI,  G. 

1896. — UebereinenseltenenAuxgangder  vender  T:en\a b'Ar'ioptititaa'RMhn.Aana 
herbeigefiihrten  Verletzungen  'Arch.  t.  path.  Anat  [etc.],  Berl.,  v. 
145,  14.  F.,  V.  5  (3),  17.  .Sept.,  pp.  538-545,  pi.  10,  flgs.  1-2.     [W*.] 


SPINY  •8UCKERED   TAPEW0EM8   OF   CHICKENS.  69 

SrRNBIDEMt'HL,    GeORO, 

1896.— Lehrbuch  der  vert;leichendeii  Palholo^e  nnd  Therepie  des  Menschen 
nod  d^r  Hansthiere  /ur  Thierilrzte,  Ante  und  Stiidirende.  2.  Lief.: 
Die  VergiftuDgen.  Die  durrh  thieriB<^he  Pansiten  hervorgerufeiicii 
Krankbeiten  dee  Menxcheii  und  der  Thiere.  Die  KonHtitutionsltraiilt- 
faeiten.  Die  Hautkrankheiten.  pp.  20»-448.  8°.  Leipiift.  [W.] 
SriEDA,  Alexander. 

1900. — Durchbohmng  des  DuodennniH    iind  Jei  Pankreas  durch  eine  Tiinie 
'  <Centnlbl.  f.  BakMriol.,  Panatenk.  [etc.],  Jena,  1.  Abt.,  v.  28  (14-15), 
15.  Oct..  pp. 430-437.     [W,  W-.] 
Stiusb,  Ch.  Wahdeli. 

1896. — Repoit  upon  the  preeent  knowledge  o(  the  tapewomiB  of  poultry 
<Biill.  No.  12,  Burean  Animal  Indus!.,  U.  S.  Dept.  Auric,  Wash.,  pp. 
1-79,  pis.  1-21,  flRB.  1-276.     [Publishe.1  July  11.]     [Wr] 

SroaBICH,    MiCHELE. 

1889. — Brani  di  eliaintologia  tergeittina.    Serie  eesta  <Boll.  Soc.  ailriaU  Oi  bc,  nat. 

in  Trieste,  v.  11,  pp.  23-30,  pie.  13-14,  flgs.  55-61.     [AV.] 
1891.— ElniiDti  veneti  nu'coiti  dal  Dr.  Aleeeandro  Conte  <le  Ninni.      Seconda 

Bene,  <Boll.  Sw.  adriat.  di  8C.  nat.  in  Trieste,  vol.  13  (1),  pp.  109-118, 

pi.  1,  figs.  1-6.     [Wv] 
18W.— Notizie  elmintologiche  <Boll.  Soc,  adriat.  di  «■.  nat  in  Triente,  v.  16, 

pp.  33-46,  plB.  4-6,  flgB.  1-37.      [W.] 
1896. — Saggio  di  una  fauna  elmintologica  di  Trieete  e  provincie  contennini. 

[Reprint  from  Programma  delln  civica  scuola  reale  superiore  published  ■ 

at  the  end  ot  the  sfholaatic  year  1898.]     162  pp.     8°.     Trieete.     [Lib. 

Stiles.] 
Vaullbobard,  a. 

1901, — M^canieme  de  ra(Tticin  dea  helminthes.      [Review  by  Gallier]   <Kpho 

vH.,  Ufijie,  V.  31  (3),  mai,  pp.  107-109.     [W.] 
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